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MEASURES   OF  DOUBLE   STARS   DISCOYERED   AT   CORDOBA. 

By  Prof.  S.  GLASEXAI'l' 


Last  summer,  1890,  I  was  in  Gourzouff,  near  Yalta, 
Crimea,  South  Russia,  and  carried  there  a  six-inch  refrac- 
tor with  the  special  intention  of  measuring  double  stars. 
During  three  months  I  succeeded  in  obtaining  884  measures 
of    more   than   400  double   stars.      Among   them   I   observed 

14  double  stars  discovered  by  Gould  in  Cordoba,  and  re- 
corded  in    the    Uranometriu  Argentina.     I    have    not   seen  , 
that   any  measures  of  them   have  been   published. 

Gourzouff  is  a  pretty  place  on  the  border  of  the  Black  sea, 
situated  at  a  distance  of  ten  kilometers  east  from  Yalta.  The 
geographical  coordinates  of  my  place  of  observation  are  : 

4,  =    +44     32'.9 
L  —  2"  17'"  8S.C  E.  Greenw. 

The  diameter  of  the  object-glass  is  KiO""".  and  the  magni- 
fying power  =  267.     A  revolution  of  the  filar  micrometer 

15  equal  to 

r  —  22".1736  —  0".0017. « 

whirc  /  i-,  tin-  temperature  in  centigrade  degrees. 

I  have  tried  to  measure  each  double  star  in  two  different 
positions  of  the  instrument:  1),  when  the  refractor  is  at 
the  east  of  the  pier ;  and  2),  when  it  i>  :it  the  west.  Since 
Gould's  double  stars  are  near  the  horizon  for  the  latitude  of 


Gourzouff,  it  was  necessary  to  take  into  account  the  effect 
of  refraction  on  the  position-angle  and  the  distance.  All 
the  measures  are  made  very  near  to  the  meridian. 

The  following  table  contains  : 
1.    The  current  number. 
•_'.     The  epoch  of  observation  iu  parts  of  the  year. 

3.  The  position  of  the  instrument:  o  —  when  the  instru- 
ment is  west  of  the  pier;  w —  when  it  is  east  of  the  pier. 

4.  The  hour-angle  of  the  observed  star. 

5.  The  temperature  centigrade. 

6.  The  images :  the  best  ones  are  noted  by  1.  and  tin- 
bad  ones  by  1  and  ."1. 

7.  The  magnitudes  of  the  components. 

8.  The  observed  position-angle  0. 

9.  The  refraction  in  0. 

10.  The  observed  distance  cr. 

11.  The  refraction  in  <r. 

Each  observation  of  position- angle  consists  of  four  meas- 
ures;   two   of    them    made    with   a   positive    rotation    of    tin- 
micrometer,  and  the  two  other  ones  with  a  negative  rotation. 
Each  observation  of  distance  is  the  mean  of  two  meast 
the  double  distance  between  tin-  componi 

The  positions  of  tin-  -tars  air  given  foi   Ifi 


No 

Epoch         T 

h 

t 

i 

Magnitudes 

9 

Refr. 

a 

Refr. 

1. 

G.  271  ( 'entauri, 

a  =    13" 

!■_" 

36  .         8  = 

-35  '  9'. 

L.  5682. 

1890.420 

o".7 

.  20.6 

3 

7.Vkl:; 

356.56 

+  0.11 

_ 

_ 

.  1  •-'.">         0 

0.8 

+  13.2 

2 

7.3  1 

351.90 

+0.15 

12.78 

2. 

<;.  .".7i»  Hydrae, 

u  =   14h 

C," 

28  .        8  = 

—26     15'. 

1890.390 

23.9 

-f  16.0 

1 

>;.<•-  6.0 

282.89 

—0.07 

(1.2) 

- 

.398        w 

0.4 

- 

.". 

simple 

- 

- 

- 

.lor,        w 

0.:. 

- 

1 

simple 

- 

- 

- 

- 

.428 

0.2 

- 

•> 

simple 

- 

- 

- 

- 

:;. 

<;.  :;:;:i  Cmtauri, 

11  =   14" 

1  :;- 

57  .       a  = 

—  11     55'. 

I..  5894. 

1890.406 

o.l 

+  18.2 

2 

7.0-  9.0 

211.54 

—  1.06 

78.81 

.10:1        to 

0.:; 

+  18.2 

2 

8.0 

212.68 

—1.06 

77.51 

1. 

G.  380  Centauri, 

AH, 

a  =    14" 

47" 

."'."1  .           ("*    r= 

-  32*    .'.1  . 

(0347). 

1890.428        w 

0.6 

+  1  1.5 

2 

6.0-10.5 

315.62 

+0.16 

13.42 

.481         0 

0.3 

+  16.5 

•_> 

G  0    10.0 

328.89 

+0.16 

- 

- 

'I'll is  star  was  discovered  independently  by  Mr.  Burnham,  and  registered  11  inter  the  do.  ;'-t7 
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T  li 

<;.  880  Centauri,   \< 


i  ;        Magnl  6 

a  =  1  I  '    IT'    55  .  8  =  — 


10. 


12. 


18. 


[890  i   - 
.481 

0.7 

0,  1 

M  I.I 

2 

6.0 

6.0 

243.98 
242.62 

—0.14 

— o.l  1 

<;.    78  Lupi 

.117          to 

0.9 

«  =  15" 

11"' 

3-4 

2 

ft  =  —29     i  r. 
8.0             nl' 

ile  i"  measure. 

- 

G.  126  ! 
1890.898 
.  108 
.406 

0.1 

O.I 

0.8 

a  =  15" 

1 
1 

58  .         8  = 
7.0-  9.0 
impossibh 
7. o-  9.0 

11     28'. 

357.36 

in  measun 

851.92 

( ;.    28  Scorpii, 
L890.422 

.425         "• 

0.0 
0.2 

u  =  161' 
+  13.9 

3 
2 

81  .         S  = 
6.5-  7.o 
7.7-   7.5 

32    21  . 

267.79 

265.18 

Br.  5613. 

—o.oi 
— o.oi 

( ;.    <;•_'  Ophiuchi, 
1890.406 
.409 

0.9 
23.8 

a  =  16" 

1   17.ii 
+  17.7 

5 

2 

1 

36  .          8  — 
6.7-    7.0 
6.7-  7.3 

—19°  22'. 
232.18 
281.38 

—0.03 

(J.  177  Scorpii, 
1890.422 

.428        to 

0.2 
0.0 

a  =    17" 
+  13.0 
+  13.4 

14'" 
3 

8',         8  = 
7.;!-  8.5 
7.0-  8.4 

30    31'. 

190.97 

190.22 

—0.03 

—  O.OI 

I.I.  33642,  A.B,  C. 
1890.494         o 
.496         w 
is  star  was  discovered 

a  =  18" 
0.6         +25.4 
0.2          f  26.0 
independently  by  Mr. 

12™   13%         8  = 

1  7.1-  8.0 

2  7.0-  7.5 
i  ii  in  1878. 

-   18     10'. 
50.84 

."il  .55 

(p' 639). 
—0.08 
—  0.03 

i ; .    70  Sagi 
1890.494 

.502         io 

0.5 

a  =  18" 
-f  25.4 
+23.5 

22" 

2-5 

3 

<;\         8  = 
7..",-  8.0 
6.2-  7.  1 

-26°  39'. 
182.57 
182.79 

4-0.01' 

+  0.09 

( ;.     36  ( 'or. 
L890.538         o 
.551 

0.2 
0.5 

a  =  18' 
+30.2 
+  26.6 

53" 

2 

3-4 

39  .         8  = 
7.o-   7.2 
6.5-  6.8 

—37°  13'. 
282.48 
282.50 

+0.12 

+  0.09 

( ;.  1 35  Sagittarii, 
1890.521          o 
.535        to 

n. 1 
0.5 

a  =   IS" 
+  17.1 

."i7" 
3 
2 

86  .         8  = 
7.0-  8.2 
7.3-  8.6 

—23       1'. 
306.75 
308.02 

+  O.OI 

+  0.05 

Rest  i. 

-  oi    Micro 

MET] 

k  ,\  i.  Measures  of  Gotjl 

)'s  Double 

58.17 
58.29 


+  0.11 
4  0.10 


(4.0) 

- 

(4.0) 

- 

6.69 

7.02 

- 

1.49 

1.65 

- 

9.68 

9.45 

- 

16.75 

—o.oi 

16.58 

+  0.01 

41.63 

•  0.12 

11.73 

+  0.11 

11.69 

+  0.01 

11.51 

+0.01 

7.58 

7.35 

- 

No. 

Star 

a 

(1S90)       8 

9 

(T 

Magn. 

Epoch 

No.  niirlit- 

1 

< . .  271 

13h42 

36 

—35     9 

:;.M.:;r, 

1 2.84 

7.2-10.1 

1890.42 

2  .  l 

2 

(..  370  Hydrae 

1  1     6 

28 

—26  45 

232.89 

(1.2) 

6  0-  8.0 

.39 

1 

3 

G.  :>.:,.:i  Centauri 

1  1    1 3 

57 

— 11    55 

21  1.0.7 

80.91 

7.5-  9.2 

.11 

2 

1 

.    \li  |  1347) 

14  47 

55 

— :!■_'  51 

319.91 

13.47 

6.0-10.2 

.43 

2  .  1 

5 

.   U 

1  1    17 

55 

—32  51 

243.16 

58.34 

6.0-  9.2 

.43 

2 

C) 

G.    78  f  Lupi 

15   11 

8 

—29  44 

n  f 

- 

4.0-  8.0 

.40 

1 

7 

<;.  126  Lupi 

15  36 

58      —11    28 

354.87 

.40 

2 

8 

(..     28  Scorpii 

16     2 

31      —32  21 

6.85 

7.1-  7.2 

.42 

2 

9 

G-.    i',2  Ophiuchi 

36      -19  22 

231.75 

4.57 

6.7-  7.1 

.11 

■> 

10 

( i .   1  7  7     • 

17  44 

8      —30  31 

9.56 

7.1-  8.4 

.42 

■2 

11 

LI.  336421 

18    12 

13 

—  is  40 

51.17 

16.67 

7.2-  7.7 

.50 

2 

■  12 

('. .     70 

18  22 

% 

— 2(1  39 

is-.'.  7:', 

11.80 

0.7-  7.7 

.50 

2 

L3 

rnstr. 

39 

—37   13 

282.60 

11.61 

G.7-   7.0 

.54 

2 

14 

< ;.  135  Sagittarii 

18  57 

36      —23      1 

307.43 

7.46 

7.1-  8.4 

.53 

•> 

Obserrx  farg,  1891  April  2. 
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FILAR-MICROMETER   OBSERVATIONS  OF   COMET  1890 IV    zona^ 

MAUI.    Willi    1111.    8-INCH    EQUATORIAL    0  tVATORY    OB    YALE    UNIVERSITY, 

By  F.  L-  CHASE. 


1890  -New  HavenM.T. 

* 

No. 

Comp. 

da 

-* 
/S 

#'sa 
a 

pparent 

s 

N..\ 

20  14  v. 

1 

11  .  11 

— In'l08.82 

— -S  53"3 

5     4  58.53 

2     5.2 

29     6  56  57.6 

2 

9  .  9 

+  0  53.83 

—1  38.6 

4   13  41.14 

+  35     9    L9.1 

9.705 

~ 

Dec. 

2     9    1  21.7 

3 

8  ,  8 

+  0  25.37 

—4  51.0 

3   56     3.30 

+  35     (i  53.3 

0.181 

4  10    5  13.1 

4 

7  .  6 

+  0  59.34 

+  3  37  - 

3    1  1  50.18 

+  34  48    11.'.' 

9.010 

0.012 

7     9     1  43.7 

5 

L2  .  12 

+0  20.20 

—5  18.1 

3  29  2  1.75 

+34   26    I-.'; 

9.263 

12     8  35  23.6 

6 

6  .  6 

+0    ::.:<:> 

+  4     3.2 

3     5  54.79 

+33  34    I".:, 

9.165 

0.113 

13     8  19  15.2 

7 

8  ,  8 

+  2   i 

+  1  57.8 

3     1   38.11 

23     4.0 

- 

14      7  1G  31.6 

8 

8  ,  8 

—2     'J.  21 

—1      1.5 

2  57  39.11 

+  33  11     3.8 

9.439 

15     7  33    6.7 

9 

12  ,  12 

—1   10.48 

+  2     9.5 

2  53  33.68 

Mean   Places  for  1S90.0  of  Comparison-Stars. 


* 

Red.  to 

ts 

Red.  to 

Authority 

app.  place 

app.  place 

1 

5     6     5.68 

+  3S.67 

+  34  35    17.v 

+  11.2 

Weisse's  Bessel  V,  66 

•) 

4   12  43.48 

+3.82 

+  35   11    16.7 

+  10.7 

Bonn  VI,  35    845 

3 

3  55  34.12 

+3.81 

+  35     5  31.6 

+  12.7 

Weisse's  Bessel  III.  1 1 1"> 

4 

:;    13  47.10 

+  3.74 

+  34   4  1    53.2 

+  13.9 

Yarnall  1730 

5 

:;  29     0.88 

+3.67 

+  34   Ml    If,.:; 

+  15.4 

Komi  VI.  3P690 

6 

3     5  47. 7i! 

+  .",.5  1 

+  33  .".n   19.8 

-  17.5 

Bonn  VI.  .",3J600 

7 

2  59     9.41 

+3.50 

+33  2o   11.:' 

-  Bessel,  II.  1373 

8 

2  59  35.64 

+3.51 

+  33   11   21.5 

+  18.1 

■•    II.  1384  r- 

.li 

9 

2  oi     3.17 

+  3.44 

+  32    Hi  34.1 

+  18.6 

Comp.withW.B.  11,1195 

.'<:< 

FILAR-MICROMETER  OBSERVATIONS  OF    ASTEROIDS  (287)  WJEPHTHYS  AND 

(6)  ///•;/;/;. 

MADE    Willi    nil     vim  'I    l ';i    LTORIAL  OF    llli     OBSERVATORY    01     YALE    UNIVERSITY, 

I..   CHASE. 


189]  N,-u  Haven  M   i 

* 

No. 
( !omp. 

Planet 
da 

—  * 
|          /S 

Planet's 

Apparent 

s 

I  2* 

,     A     hthys. 

Jan.  11     8  3i 

1 

1"  .  10 

—  1   41.79 

j    —3     6.0 

6    16 

2 . 2 

9.464 

16     8  50  36.6 

2 

12  .   12 

+  0  3  1.17 

— 1     5.4 
(6)  //■ 

6    11   5". 7  1 

' 

4.9 

Jan.  25   1 1   31    18.0 

3 

10  .  l" 

—0  20.88 

+  2 

1"     9 

+  12  28 

23.0 

- 

26   Id     7     0.4 

l 

9  .  9 

1 1.01 

—3 

in     8 

27.1 

- 

27    11   36    19.5 

4 

in  ,  10 

— 0      1.57 

+  6  50.6 

1"     7  30.23 

+  12    17 

Feb.    l     '■'  55  25.7 

5 

20  .  20 

+  1    14.62 

+  4    18.0 

m     3   29.96 

:;:'..! 

9.51(1 

2    1"   21     15.9 

6 

11  .  11 

—  1    19.51 

,     +6     9.1 

10      2 

+  13  4>s 

1.2 

I     9   12    13.2 

7 

12  ,  12 

+  2   21.22 

1     +1 

Id     c 

+  14     8 

21.8 

8     9   II  :o.u 

8 

16  .  it; 

+  0  34.80 

—  1 

:•   57    17.5H 

12.3 
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Mean   Placet 

for  1891.0 

of  <  'omparison-  Stars. 

* 

a 

Red.  to 
app.  place 

8 

app.  place 

Authority 

1 

59.15 

I   0.47 

1   13    19     7.0 

+  1.2 

Lalande  13310 

2 

6    II    I".  81 

+0.46 

f  13  32     9.2 

+  1.1 

Lalande  131 10 

3 

10     '.i  20.41 

+0.52 

+  12  25  26.2 

1.5 

\\  eissi  -  Bes8el  X  1 1  .'> 

1 

in     7  84.25 

+  12    11     6.4 

i           • 

Schjellerup  37  1 2  3 

5 

10     111  72 

+0.62 

+  13  83   17.:; 

—1.9 

-  Bessel  1 X  1 279 

6 

10     2  56.47 

I  0.63 

r-18    11    54.0 

—1.9 

DM.  +18    221  l  comp'd  wit 

i   :+:.') 

7 

9  58  33.58 

+  11.70 

f -  1  1     7  23.4 

—  2.1 

Schjellerup  3696 

8 

9  56  41.92 

+0.78 

1  11   51    54.6 

—2.3 

Schjellerup  3688 

OBSERVATIONS  OF   COMETS, 

MADE   Willi    THE    15-INCH    EQUATORIAL   OF   THE    HARVARD   COLLEGE   OBSERVATORY, 

By  O.  C.  WENDELL,  Assistant. 
i  ommunicated  by  Prof.  Edward  C.  Pickering,  Director. 


Cambridge 

M.T. 

* 

No. 
Comp. 

-* 

A*          |          /S 

^/'s  apparent 
a                         8 

log 

for  a 

/•A 

for0 

1890 

Comet  1889  I. 

Jnne  10 

11 

36    18 

1 

4 

+  o"'  3*21     |   +   6'  59. "3 
Comet  1890  II. 

17 

oO  30.15 

—  6  01   23.4 

»9.027 

0.823 

Sept.    8 

9 

7    17 

-' 

5 

+  1   31. GG       —  2  42.8 
Comet  1890  111. 

13 

0   12.13 

+  33  32     2.1; 

9.692 

0.792 

Aug.     1 

3 

19  23 

3 

7 

—0  22.93    1  —  2   13.4 
Comet  1890  VI. 

10 

18     1.33 

+33    3  ll.o 

9.694 

0.787 

Sept.   8 

8 

26  53 

• 

7 

+  0  59.09    |   —ID  26.5 

15 

1  1   5.32 

+  13  .".7  38.9 

9.58G 

0.694 

1891 

Comet  a  1891  (Barnard,  Mar. 

i'.'/). 

Apr.     1 

8 

28   19 

5 

5 

—  1   30.28 

+   8   10.1 

1 

8  52.10 

+  41    48  42.4 

9.706 

0.820 

8 

« 

16  52 

6 

6 

—0  34.59 

+   8  47.(1 

1 

25  22.86 

+  34  2'.:   28.0 

9.691 

0.800 

9 

< 

53  22 

i 

i 

+  0  37.34 

+   8     8.4 

1 

27  20.84 

+33  25  32.6 

9.67G 

0.810 

Mean  Places  for 

1890.0  and  1891.0  of  Comparison- Stars. 

* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

17   50   ■.'."..27 

+  18.67 

—  7    1  20.9 

-U8 

Laniont  ( — 3°  to  — 9°)  Su 

4,1.  2508 

2 

12  58    10.65 

—0.18 

+  33  34  41.4 

+  1.0 

W.  Bessel  XII.  112.". 

:; 

10  18  24.66 

—0.40 

+  33     5   19.5 

+  4.0 

B.B.  VI,  33°  1981 

1 

15    13     5.62 

+  0.61 

+  14      7  59.4 

+  6.0 

W.  Bessel  XV.  795 

0 

1    10  24.52 

—2.14 

+  41   40  37.6 

—5.3 

4  comp.  with  W.  Bessel  I, 

1  is 

6 

1    2.".  .MM  7 

—  1.72 

+  34  20  46.8 

—5.8 

W.  Bessel  I.  518 

1 

1   26    15.19 

— 1,69 

+  33   17  30.2 

—6.0 

W.  Bessel  I.  539 

ERRATA. 

In  Vol.  X,  p.  69,  observations  of  Dec.  26,    for    —5'  12*. 6,     read    — 9' 33*.6. 

observations  of  Dec.  26.    for    +1;    18'  47 '.l>.     read    +6     11    26  .:'. 

observations  of  Dec.  27,     for     +l""  22a.26,     read     +2™  52".26. 

observations  of  Dec.  27,    for    0'1  33 "  U-.ll.     read    0"  34'"  14. 14. 
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OBSERVATIONS   OF   COMET1889T 

MADE    Willi     illl.    36-INCH    REFRACTOR.      AND    ON    THE    EXTENDED    VISIBILITY    "1      1111:11     SMALL    Cl 

liv  E.  E.   BAKNAUD. 


I  hare  collected  here  all  the  observations  of  this  important 
comet  which  I  have  been  able  to  make  with  the  great  tele- 
scope since  refiuding  it  on  Nov.  21,  1890.  The  comparison- 
stars  have  all  been  reobserved  with  the  micrometer.  The 
star  DM.  26°  1837,  to  which  the  January  comparison-star 
was  referred,  has  been  observed  by  Prof.  Schaeberle  with 
the  meridian  circle. 

The  comet  was  sought  for  several  times  after  the  January 
observation,  but  the  seeing  was  always  too  poor  to  get  even 
a  trace  of  it. 

A>  the  orbit  of  this  comet  will  be  very  accurately  known 
through  the  aid  of  these  la>t  observations,  its  return  will 
probably  be  very  closely  predicted:  it  should  be  observable 


with    the   36-inch    when    its    light-ratio   is  equal   to    that    of 
1891  January  12,  if  it  is  then  favorably  plai 
It  will  be  seen  thai  the  observed  hi 

after  it  had  passed  beyond  the  reach  of  every  other  ol 
tory  in  the  world.     These  observations  make  the  to? 
bility  of  the  comet  extend  through  555  days,  which  there- 
fore exceeds  the  duration  of  visibility  of  the  great  coi 
1811.     It  may  be  interesting  to  note  that  within  less  than 
five    months'    time    three    small    comets  —  1889  I.    :-- 
1889  V  —  were  carried  here  beyond  the  duration  of  risibility 
of  anything  previously  known  in  the  comet  line. 
A.J.  225). 

Following  are  the  observations  with  the  _ 


FILAR-MICROMETER    OBSERVATIONS    OF    COMET  1891  V,    brooks), 

VI  IDE    WITH   THE  36-INCH    EQUATORIAL   OF   THE    LICK   OBSERVATORY,   BY   E.   E.   BARNARD. 


Mt.  Hamilton  M.T. 
1890-91 

* 

No. 
Comp. 

Ja 

-  * 

J8 

■ 
a                          8                  forn 

Nov.  21     16     •      - 

26 

3 

— d"  i*.i8 

—1    44.1 

9     0  34.53 

+  24   13      1.0 

-   : 

22     16  -17  44 

26 

*2  ,  2 

+  0     3.49 

—0   12.2 

9     0 

+  24    1 

Dec.  20     16  46  26 

27 

*3  ,  5 

—0  15.93 

+  1    31.7 

8  •"•!    10.23 

+25  25     0.5 

Jan.    12     10  20  45 

28 

3* 

+  0     2.98 

-     -     !.•;:: 

n9.545 

10  35  21 

28 

4 

+  0   19.1 

.'  28.0 

0.384 

11     5   16 

28 

2* 

+  0     0.74 

-     :  59.39 

11   14   59 

28 

2 

+  0  22.7 

•    •    • 

12  31.6      .    .    . 

0.312 

J«  measured  direct  with  micrometer. 


.1/"///   Places  for  1890.0  and  1891.0  of  Comparison- Stars. 

* 

a 

lied,  to 

app.  place 

8 

Red.  t<> 
app.  place 

Authority 

26 

0     n  .,,  ...          I  +2.37  I         ,.,,".  .    ..".         1  —10.3  t 
9     °  •J"-'1         J  +2.40  J       +JI    "   "•'■1        ,-lo.l  J 

13"  comp'd  with  W.B.  VIII,  1 117. 

17) 
1+4'7 

2  7 

B  54   22.  -7 

+3.29          +25  23  44.7          —15.9 

■    7  comp'd  with  B.B. 

• 

28 

8  37  58.13 

+0.52          +26    12     9.2          —  0.3 

12*  comp'd  with  DM. 

(  —  c 

Star  28.    The  place  of  DM.  26    1-:::  has  been  observed  with  the  ;       Prom  this  it  appears  that  the  o  of  DM    - 
meridian  circle  of  the  Lick  Observatory  bj  Prof.  Schaeberle.  great. 

1891.0    a        -     38     24\75,     S  =  +26     U' 27M.     One  observation.  bft.  -  «  10. 


o\    THE   TKUE    DATE   OF 

By  JOHN    N 

In  my  communication  of  April  2.  I  have  discussed  two 
eclipses  of  the  moon,  each  of  which  has  been  supposed  to  be 
I  he  one  which  was  predicted  by  Si  lpk  n  s  Gaj  li  s,  and  which 
took  place  during  the  night  which  preceded  the  decisive 
battle  of  Pydna.  The  agreement  of  the  calculated  with  the 
observed  eclipse,  in  either  case,  was  far  from  being  satis- 
factory :  especially  when  we  consider  the  greal  confusion 
which  the  supposition  of  either  of  them  being  the  correct  one 
would  imply  in  the  Roman  calendar.     I  have  since  given  the 


THE    BATTLE   OF    PYDNA, 

STOCKWELL. 
subject  further  consideration,  and  have  apparently  1 
perfect  Buccess  that  I  am  unable  to  understand  whj 

Of   the   eclipses    there    considered    should    evei    havi     ; 

garded  as  the  correct  one.     For  I  find  that  in  the  j 

B.<     .   of  ordinary  chronology,    there   was   an   eclipse   of  tin 

moon  on  September  •"■.  which  try  with  the 

historical  account   of   the   event   that    it    - 

withhold    the    conclusion    that    this    i>    really    l 

which  the  historian  refers. 


Ill  l.     ASTRONOMIt    A  I.     JOU  R  N  A  I.  . 
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:..  my  computation  the  eclipse  commenced  at 
In  the  evening  of  September  2,  and  ended  at 

:   September  8.     The  middle  of  the  eclipse 
w:i>  thereto  in  the  morning,  Pydna  mean  time. 

The  eclipse  was  very  nearly  total,   having  a  magnitude  of 
digits  on  the  moon's  northern  limb.  i  -  per- 

fectly with  Plutauch's  account  in  all  respects  except  thai  of 
.  ;  i. ut  it  was  -.i  nearly  total  thai  the  slighl  discrepancy 
jH  that  aid  carry  ven  little  weigh!  in  the  question 


of  its  identity.  The  calendar  date  <>f  the  eclipse,  Septem- 
ber 8,  is  the  same"  as  the  date  assigned  by  Livy  ;  and  hence 
we  may  infer  that  the  Roman  calendar  at  that  time  was 
practically  free  from  the  confusion  which  afterwards  crept 
into  it  during  the  period  of  the  civil  wars  of  Rome.  I  think 
we  may  therefore  confidently  give,  for  the  true  date  ol  the 
battle  of  Pydna,  September  8,  172  B.C.;  which  precedes 
the  date  usually  assigned  to  that  event  by  four  yi 
land,  Ohio,  1891  April  21. 


OBSERVATIONS  OF    D'ARREST'S   COMET,  L890  V, 


The  continuous  bad  ^weather  during  the  winter  here  pre- 
vented D'Akbest's  cornel  being  followed  as  long  as  was 
expected.  Dr.  Gould  kindly  furnished  me  with  a  special 
ephemeris  for  following  it.  When,  however, a  clear  sky  did 
occur  the  comet  could  not  be  found  with  the  12-inch.  On 
..  with  a  good  clear  sky.  it  had  gol  beyond  the  reach 
of  that  instrument. 

From  the  diffused  nature  of  this  comet  it  required  the 
lowest  powers  to  condense  it.  and  to  give  coutrasl  with  the 
sky.     During  the  middle  of  its  visibility  1  could  see  it  quite 


Bi    i.    i.    B  \i:\  \i;i>. 

easily  with  the  34,  finder  of  the  12-inch,  and  several  times 
swept  it  up,  without  thinking  of  its  presence,  with  the  1-inch 
broken  tube  comet-seeker. 

In  A.J.  228,  I  have  given  a  history  of  the  search  for  this 
comet  and  of  my  accidentally  Bnding  it  on  Oct.  6,  1890. 

I  have  inserted  in   the  following   list   the  firsl    three  obser- 
vations, which  have  already  appeared  in  A.J.  227,  bi 
there  they  are  given  under  a  beading  which  is  misleading,  as 
it  was  then  supposed  to  be  a  new  comet. 


KI 

.AK-M1CROMETEE    OBSERVATIONS 

OF 

D'ARREST'S 

(  OMET, 

HADE   W 

■I'll  THE   12-IN1  H    EQ.1    ITORIA1    <.l    T11B»LICK  OBSERVATORY,  BY 

E.  E.  BARNARD. 

1890  Mt.  Hamilton  M.T. 

* 

No. 
Comp. 

la 

-* 

j^/'s  apparent 
a 

s 

log 

for  a 

PA 

lor  ,t 

<i 
Oct.    6 

1 

5*,  6 

+  (i'"l7'.:;7 

—2     7.0 

19 

13 

—26 

7 

30.5 

9.590 

0.837 

7 

2 

+  2   15.63 

+  3  22.9 

19 

17 

15.03 

— 2G 

18 

51.7 

9.322 

0.886 

8 

6  55  58 

3 

1  •-'  .  I 

+  1    14.20 

+  2     1.0 

19 

21 

11.48 

— 2G 

30 

7.6 

9.017 

0.895 

9 

7     ■_'  55 

1 

11'.  ,  7 

—0  19.26 

—5  32.8 

9.083 

0.895 

10 

7     8    12 

.> 

is  .  9 

—0  28.67 

— 5    5 5.5 

9.137 

0.893 

11 

9   19  22 
9  29    19 

6 
6 

3 

16 

+  0     8.59 

—2     .VI 

9.606 

0.840 

12 

9   12  47 

7 

+  0  15.51 

+  1    19.2 

lit 

39 

29.62 

— 27 

0 

34.8 

9.572 

0.846 

13 

8 

1 ' .  6 

+  0     0.13 

+  3    o.o 

19 

4D 

39.22 

—27 

2 

32.9 

D.217 

0.842 

1  1 

in     3    16 

9 

■_■ 

—5  36.9 

—  27 

27 

16.4 

0.825 

10  12  21 

9 

8 

+  1    17.10 

19 

46 

13.69 

9.655 

15 

7     7    l."> 

Ki 

11,7 

—()  20.51 

—5   40.3 

19 

49 

53.04 

—27 

33 

19.2 

9.111 

0.898 

16 

7  21   24 

11 

18  ,  7 

+  1   36.24 

—7     8   1 

19 

54 

2.24 

—27 

39 

39.0 

9.215 

0.890 

17 

8     5  36 

12 

18,6 

+0  21.40 

+  5   10.7 

19 

58 

6.20 

— 27 

45 

15.9 

9.403 

0.SS1 

6  39    11 

13 

16  ,  G 

-d  28.17 

— G  36.6 

8.756 

0.902 

31 

7   11   85 

1  1 

5*,  6 

+  0     4.62 

—5    17.8 

20 

5  4 

48.18 

—27 

56 

19.9 

9.146 

0.898 

Nov.   2 

tl    12   17 

15 

1G  ,  6 

+  1   39.81 

—4  56.9 

21 

2 

32.68 

—27 

IS 

48.20 

8.845 

0.902 

3 

16 

in  .  1 

—1     7.53 

+  5  38.4 

21 

6 

35 

—  27 

45 

9.267 

0.892 

1 

(ill    1  I 

17 

12,6 

—  1      1.75 

+  2   18.8 

21 

10 

17.G7 

—27 

38 

52.2 

0.901 

. 

6    10  31 

18 

4 

—2     1.2 

—27 

18 

1  1.5 

0.877 

6  .VI   20 

18 

12 

+  0  45.60 

21 

20 

58.89 

8.996 

9 

6  30    16 

19 

4*,  7 

—0     3.06 

+  5  37.4 

8.663 

0.900 

10 

6  38  27 

20 

10,  1 

+  1   46.49 

+  2     6.0 

8.785 

0.899 

12 

7  43  44 

21 

—1  49.24 

+  4  50.8 

21 

40 

22  44 

— 2G 

39 

36.2 

9.326 

0.897 

13 

8  22  44 

22 

1 

+  5     7.3 

—26 

30 

5.1 

0.869 

8  40     1 

22 

Ki 

+  1  34.16 

21 

44 

7.11 

9.504 

16 

7   15     5 

23 

14  ,  8 

—  1     0.44 

—1    15.2 

■    • 

9.170 

0.890 

•   30 

6  .",1   55 

24 

1  8  .  6 

+  1    27.45 

+  6  53.3 

22 

40 

53.88 

—23 

5 

4.0 

8.949 

0.883 

Dec.    9 

G  43   23 

25 

3*,  6 

—0  11.96 

+  0  48.7 

23 

7 

51.82 

—20 

50 

50.6 

9.083 

0.869 

11 

26 

10.2 

—3  2-2.94 

—1   58.2 

23 

13 

37.36 

—20 

45 

19.9 

9.215 

0.866 

:  Ja  measured  direct  with  micrometer. 
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Mean   Places  for  1890.0  of  Comparison- Stars. 


* 

a 

Red.  to 

app.  place 

s 

app.  place 

i 
Authority 

1 

19 

13    l  :    - 

—26°    5   2 

Gould  (. .' 

•> 

19 

U  57.74 

+  1.66 

—26  22   13.6 

—  1.0 

••      26496 

3 

19 

19  55.61 

+  1.67 

—26  32     7.7 

—0.9 

•      20615 

1 
5 
6 

7 

f  L.68 
•  1.69 

+  1.7(i 

—27     1   53.0 

—0.8 
—0.7 
—0.6 
—0.5 

'.».',  magnitude 
- 

Gould  <■ 

19 

39    12.41 

8 

19 

40  37.39 

+  1.70 

—27     5  37.4 

-0.4 

..      27 

9 

19 

4  4  54.89 

+  1.70 

—27  21   39.1 

—0.4 

■•      27179 

10 

19 

50   11.85 

+  1.70 

—27  2  7  38.6 

—0.3 

11 

19 

52  24.30 

+  1.7(1 

—  27  32  30.4 

—0.2 

••      27340 

12 

19 

57  43.10 

+  1.7(1 

—27  50  26.3 

—0.3 

<  comp.  with  Gould  G.C. 

13 
14 

+  1.82 
+  1.82 

—27  51      3.6 

+  1.4 
+  1.5 

20 

54   41.71 

Kmp.withGouldG 

15 

21 

0  51.03 

+  1 .84 

—27    13  53.0 

+  1.7 

Gould  (..(  . 

16 

21 

7   40 

+  1.85 

—27  51 

+  1.8 

9J"  approximate 

17 

21 

11    17.56 

+  1.86 

—27  41   13.0 

+  2.0 

Gould  G.C.  29203  nf  of  two 

18 

21 

7.01 

+  1.88 

—27   18   16.7 

+  2.2 

Wash.  M.C.  Zone 

lit 
20 
21 

+  1.89 
+  1.89 

+  1..S-.I 

—26  4  1   29.7 

+  2.4 
+  2.4 
+  2.7 

94-  magnitude 

:n       "';          [+W.C.Z.107i 
652+W.T.Zli 

21 

42     9.79 

22 

21 

42  31.39 

+  1.89 

—20  35   15.1 

+  2.8 

Oe.  Arg.  21G56 

23 
24 

+  1.90 
+  1.93 

—23   12     2.1 

+  3.2 

-       - 

W.M.  Zones 

■>■> 

39  24.50 

25 

23 

8     1.86 

+  1.92 

—20  51    15.0 

+  5.7 

imp.  with  W.C.  Zon<-  152 

26 

23 

16  58 

—  20    43   2  7.5 

- 

W.T.  Zones 

Star  12  — G.C.  27430,     J«  = +1™  49>.51  (8),     Jtf  =  +10'  27*.1(3)       Star25  — W.C.Z 
Star  14  —  G.C.  28961,     J«  =  +0m  .".fi'.oy  (8),     J,\  =  —  4':,:  J«  =  — 1     - 

Mt.  Hamilton,  1891  Ap 


THE   PARALLAX    OF    a  TAURI, 

Ry  a.  hall. 


Iu  the  Monthly  Notices  o/thi    /.'■•  al  Astr  S 

March,  1891,  p.  313,  Mr.  S.  W.  Bdrnhasi  has  criticised  the 
reductions  of  the  observations  of  this  star  for  parallax,  as- 
suming that  the  proper  motion  of  the  star  of  comparison  was 
neglected.  Since  the  relative  proper  motions  of  the  stars. 
in  angle  of  position  and  distance,  were  found  from  obser- 

1891  .l/.r//  29. 


vations  made  at  distanl  epochs,  this  criticism  is 
and  has  no  bearing  on  the  determination  of  parallax 
referring  to  this  J  a  that 

a  small  error  in  the  proper  motions  would  have  no  sensible 

Ce  On   the  result. 

A  similar  method  of  reduction  was  used  by  0    S 


REDISCOVER?    OF   THE    PERIODIC   COMET  1884  m 

A  telegraphic  message,  from    the  rvatory,  announce-   the  discovery,  by  Barnard,  of  I     - 

position, 

May  3.9792  Greenw.  M.T.  u  =  22  8  =  +13 

Comparison  of  this  position  with  that  given  by  the  ephemeris  of  Berberich  {A.J.  X.  175)  indie, 
needed  by  that  ephemeris  to  be  la  —  — 32'. 0.     Jd  = 

For  the  time  of  perihelion,  the  right-ascension  would  give  Sept.  1.23  Berl.  M.T.,  but  the  declination  would  givi   - 
7.07.      A  similar  result  is  afforded  by  the  compulations  of  Thraen,  according  to  which   the  rigl 
and  the  declination  Sept.  8. 1  •">. 

The  position,  as  telegraphed,  seems  therefore  not  to  represent  either  of  these  two  orbits,  within  the  limits 
error. 
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\i:\\    ASTRONOMICAL    WORK. 


rof .  Dr.  J.  C  Kaptbyn.  1 1  :i:<_-    1891  .  128  pp.  it... 

This  memoir  Is  Intended  to  form  a  pan  of  the  seventh  volume  of 
Leiden  observations  which  is  nol  yet  published.     It  contains  the 

record  <•(  an  attempt  i sasure  the  parallaxes  of  Btars  by  dlffer- 

merldlan   transit   observations.      The    observations    which 
f  Investigation  were  made  during 
time  of  the  author,  In  order  to  ascertain  and  illustrate  the  capabili- 
ties of  this  method,  which  differs  In  important  particulars  from  any 
which  has  hitherto  been  employed  for  the  purpose. 

In  1 1  iservations  Dr.  Kapteyn  employed  the  transit- 

circle  of  i  he  Leiden  <  tbscn  atorj  .  The  obsen  at  ions  were  made  in 
four  periods  of  nearly  nTaximum  parallax  in  right-ascension:  1886 
April  and  December,  1886  December,  and  1887  April.  Thej  were 
arrangi  ixes  of  fifteen  stars,  selected  from 

lnder's  «.ll  known  list  of  250  stars  having  large  proper 

tions  id   \n         In    the    arrangement    of    the 

observations,  as  well  as   In  the  methods  of  computation 
precautions  are  exercised  to  avoid  the  effects  of  systematic  errors. 
The  star-images  were  reduced  to  approximate  equality  of  bright- 
ness through  the  use  of  wire  screens  placed  in  front  of  the  object- 
glass. 

The  rosnlt>  by  each  comparison-star  on  each  night  arc  fully  ex- 
hibited in  extensive  tables.  In  the  final  equations,  the  unknown 
quantities  to  be  determined  are:  x,  a  correction  to  the  assumed 
difference  of  R.A.  b<  tween  the  principal  and  comparison-star;  -.  the 
maximum  differential  parallax  in  R.A.;  </.  the  correction  to  the 
assumed  differential  proper  motion.  The  determinations  of  the 
latter  quantity  afford  a  check  upon  the  real  accuracy  of  the  work. 
In  only  two  or  three  cases  do  these  corrections  y  seem  to  be 
larger  than  can  be  readily  attributed  to  the  computed  probable 
errors,  and  in  the  exceptional  cases  there  is  much  uncertainty  iu  the 
proper  motions  determinable  by  the  usual  method. 


After  an  elaborate  discussion  of  the  probable  errors,  Dr.  Kaptby* 
comes  to  the  conclusion  that  this  probable  error  of  relative  R.  \ 
for  a  parallax  star  with  two  comparison-stars  is,  ±0'.182,  while  the 
analogous  quantity  for  the  best  hellometer  work  Is  ±0*.076.  One 
determination  by  the  hellometer  i-  therefore  worth  :'..  11  determi- 
nations bj  tii'-  method  of  differential  transits.  When,  however,  tin 
time  occupied  by  the  observations  is  also  considered,  the  degree  oi 
accuracy  attainable  through  an  equal  expenditure  of  labor  of  observa- 
tion by  the  two  methods  becomes  practically  the  same.  The  author 
also  calls  attention  to  the  Bimpllcltj  of  the  computations  in  the 
method  of  differential  transits ;  and,  later,  he  urges  the  employment 
of  8 e  of  the  many  available  transit-circles  In  researches  of  this 

kind. 

The  final  results  for  parallax  obtained  by  Professor  E  iptryn  are 
appended,  -  being  the  differential  parallax. 


IMS.  VII  si  p,-. 

7.1 

1.69 

+0-074 

±0.027 

S  Urs.  Maj. 

3.0 

1.11 

+0  052 

ii  026 

B.B.  VII  85 

8.1 

c,7!' 

0.022 

■Jn    /.    on.    mill. 

5.8 

0  69 

-f-0.062 

ii  029 

15.15.  VII  89 

7.0 

1.43 

-1-0.176 

0.024 

..   ,,, 

0.3 

n  39 

+0.101 

0.026 

'•   95 

7.1 

0.27 

■ 

0.027 

Lai.  20670 

".."> 

0.30 

—0.011 

0.029 

15.15.  VII  104 

7.."i 

4.7.1 

+0.428 

0.030 

"     105 

8.5 

1.40 

+0.166 

0.027 

'•    110  seq. 

6.7 

0  64 

+0.080 

0.027 

'ill 

8.0 

0.67 

+0.01G 

0.032 

Groomb.  1880 

6.6 

7.05 

+0.139 

0.026 

15. 13.  VI 1  lit 

6  6 

0.69 

—0.038 

- 

'•    119 

7.:; 

0.33 

+0.056 

0.034 

NUMERATION    OF    RECENTLY  FOUND  ASTEROIDS, 


Mr.  Berberich  of  the  Berliner  Jahrbuch  has  announced  that  the 

asteroid  discovered  i>\  CHARLOIS  Feb.  11  (.1../.  167)  is  identical  with 

do.  208  the  opposition  of  which,  given  in  the  Jahrbuch 

with  erroneous  element.-. 
The  numbers  of  the  last   three  announced  on  p.   K.7  will  conse- 


quently remain  as  there  <riven  (See  .1../.  p.  176).  Those  of  March 
l  and  5  thus  become  306  and  307,  respectively;  that  of  March  .".1 
(p.  184),  308;  and  that  of  April  6  (p.  191)  becomes  309.  These 
changes  have  been  made  in  the  Index  to  Vol.  X. 


0  0  N  T  I!  NTS. 
Measures  "i    Double  siu:s  Discovered  it  Cordoba,  by  Prof.  S.  Glasenapf. 
Filar-Micrometer  Obsi  rvations  oi    I  omet  1890  IV.  uv  Mr.  F.  I..  Chase. 
Filar-Micrometer  Observations  m    Asteroids  (287    Nephthys  and  (6)  Hebe,  by  Mr.  F.  L.  Chase 

1  >BSERVATIONS   OF    COMETS,    BY    Ml:.   II.   ('.   WENDELL. 

Obseri  itions  or  Comkt  1889  V,  by  Prok.  E.  E.  Barnard. 

True  Date  of  the  Battle  of  Pydna,  by  Prof.  John  X.  Stockwell. 
Observations  of  D'Arrest's  Comet,  1890  V.  by  Prof.  E.  E.  Barnard. 
The  Parallax  of  a  Tauri,  by  Prof.  a.  Hall. 
Rediscovery  of  the  Periodic  Comet  1884  III  (Wolf). 
\ik  Astronomical  Work. 
Numeration  of  Recently  Found  Asteroids. 
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OBSERVATIONS   OF   VARIABLES   OF   THE   AL G OZ-TYPE,  1890-91. 

YENDELL. 

.     Algol. 


By  PAUL  S 

The  minima  detailed  below  are  the  results  of  the  continu- 
ation of  the  same  line  of  observation  from  which  the  times 
published  by  me  iu  Vols.  VIII  and  IX  of  this  Journal  were 
deduced. 

In  spite  of  the  unfavorable  weather  which  has  prevailed 
during  the  entire  year,  all  the  known  variables  of  this  type 
are  represented,  with  the  exception  of  5  Canon,  of  which 
I  have  observed  no  minimum  since  those  published  in  Vol. 
IX,  and  Y  Gygni,  my  observations  of  which  star  for  1890 
have  already  been  published  in  these  pages. 

The  time  made  use  of  is  Local  Mean  Time,  which  is  sub- 
stantially the  same  as  that  of  Cambridge,  for  the  purposes 
of  this  work. 

320.     UCephei. 

Two  minima  have  been  observed. 

1890  Oct.  18  ;  seventeen  observations,  from  C'1  50m  to 
10"  15m. 

Time  of  minimum  by  single  curve,  8h  G'"..">,  wt.  !. 
Time  of  minimum  by  mean  curve,  8'1  37m. 
Time  of  minimum  by  equal  brightness, 


Before 


After 


Mean 


8.5 

7   .".n 

10  10 

8  36.5 

8.9 

7  19 

9  55 

8  37.0 

9.0 

7  25 

9  45 

8  35.0 

9.1 

7  30 

9  40 

8  35.0 

9.2 

7  40 

9  28 

8  34.0 

Mean  of  middle  times 


8  35.7 


1890  Oct.  28;  eight  observations,  from  7h  l:'-m  to  9" 
Time  of  minimum  by  single  curve,  8'1  H"\8,  wt.  3. 
Time  of  minimum  by  mean  curve,  8h  20'". 0. 
Time  of- minimum  by  equal  brightness, 


9.8 
9.4 


7  51 

8  8 


8  33 
8  16 


Mean  of  middle  times 


8   10.75 


Two  minima. 

1890  Nov.  20  ;  ten  observations,  from  6h  8m  to  10    15" 

Time  of  minimum  by  single  curve,  8b  15m.5,  wt.  4. 

Time  of  minimum  by  mean  curve,  Sh  37m.9. 
Time  of  minimum  by  equal  brightness, 


Before 


After 


3.3  7  40  9  50 

3.4  8  15  9  31 
Mean  of  middle  times 


-    15    I 


1891  Feb.  14  ;  seven  observations,  from  6h  22™  to  9"  40" 
Time  of  minimum  by  single  curve,  8h  S2m,  wt.  .;. 
Time  of  minimum  by  mean  curve,  8h  23"'. 5. 


1411.    ;.  v 

In  view  of  the  fact  that  this  Star  has  been  much  neglected. 
a  special  effort  has  been  made  during  the  past  Beason  t" 
secure  all  available  minima;  ami  the  attempt  has  nut  with 
a  fair  degree  of  success,  as  will  lie  seen  by  the  appended  list 
of  observed  minima.  No  standard  light-curve  of  the  Btai 
having  been  published,  ami  my  own  observations  not  furnish- 
ing sufficient  material  for  the  construction  of  one  of  a  defini- 
tive character,  no  reduction  by  this  process  is  given. 

The  minima  observed  are  the.  as  follows  : 

1890  Nov.  19  ;  eight  observations,  from  8''  5"  to  ll*  40m. 

Time  of  minimum  by  single  curve,  in    I   .  »;.  4. 

Time  of  minimum  by  equal  brightness, 


Before 

After 

Mean 

8.1s            8h10m 

h        in 

10    15 

h         in 

'.'   27.5 

4.0             9     0 

10  28 

9  44.0 

l.l             9  35 

10  16 

9  55.5 

Mean  of  middle 

time- 

9  42.3 

1890  Nov.  28  :   ten  observations,  from  6h  35m  to  10h  10"'. 
Time  of  minimum  by  single  carve,  8    16™,  wt.  5. 
Time  of  minimum  by  equal  brightness, 
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V    242. 


After 


1.1  7  25 

4.2  7  57 

1.3  8     8  8  21 
Mean  of  middle  times 


Mean 
8  24™0 

8  14.5 
8  19.0 


1890  X..V .  i'7  ;  r •  observations,  from  8"  14™  to  9h  0"\ 

Time  of  minimum  by  single  curve,  8*  86m,  wt.  •_'. 

1891  Feb.  18;  nine  observations,  from  7h  12™  to  10b  55m. 
Time  of  minimum  by  single  curve,  9*  ">">',;.  wt.  5. 

Time  of  minimum  by  equal  brigbtness, 

Before            After  Mean 

8   10™            lo'.-,o"  9  80?0 

8.9            8  25            10  35  9  30.0 

1.0  8    15             10  21  9  33.0 

1.1  9    15             10    4  9  39.5 
Mean  of  middle  times  9  33.1 

1891  Feb.  22.     Twelve  observations,  from  61' 40'"  to  10'' 
45'". 

Time  of  minimum  by  single  curve,  9*  40'",  wt.  5. 
Time  of  minimum  by  equal  brightness, 

Before  After  Mean 


3.8  7    is  10  45 

1.0  8  33  10     5 

4.1  9  10  9  55 

Mean  of  middle  times 


9  16.5 
9  19.0 
9  32.5 
9  22.7 


25' 


2610.     R  Cards  Majoris. 
One  minimum  observed. 

1891  .March  10;  fourteen  observations,  from  7"  15'"  to  10" 
>'  . 

Time  of  minimum  by  single  curve,  9"  23'". 5,  wt.  5. 
Time  of  minimum  by  equal  brightness, 

Before  After  Mean 

6.7  8  47?5  9  52?5         9h2o" 

6.9  9  10.0  9  35  9  22.5 

Mean  of  middle  times  9  21.25 

3407.     S  At 

In  spite  of  even-  effort,  I  have  obtained  only  three  minima 
of  this  star  during  the  past  season  ;  several  incomplete  series 
were  observed,  and,  in  all,  I  have  obtained  some  sixty  avail- 
able observations,  of  which  use  has  been  made  in  revising 
the  provisional  light-curve  published  last  year.  Combining 
the  observations  of  both  years,  a  curve  is  obtained,  sub- 
stantially agreeing  with  the  published  one  in  light-range, 
but  differing  from  it  in  the  fact,  that  a  marked  inequality 
appears  in  the  times  occupied  by  the  decrease  and  increase, 
the  former  occupying  about    1"  33'",  and   the  latter    about 


2h  0'" ;  in  ail  aboul  three  hours  and  a  half.     This  is  fairly  in 
accord  with  Chandler's  published  result. 

The  minima  observed  are  as  follows* 

1891  Jan.  80;  Bix  observations,  from  L0'  l.vto  ir'36,n. 

Time  of  minimum  by  single  curve,  it)'1  27'",  wt.  4. 

Time  of  minimum  by  mean  curve,  10*  8m.5. 

1891  March  10;  nine  observations,  from  71'  50'"  to  9 

Time  of  minimum  by  single  curve.  7'1  58m,  wt.  3. 

Time  of  minimum  by  mean  curve.  7    54m.4. 

1891  April  26  ;  six  observations,  from  8h  0'"  to  9'1  5'". 
Time  of  minimum  by  single  curve,  8"1  88m,  wt  3. 

Time  of  minimum  by  mean  curve.  8h  I  I"1. 2. 


537  I.     S  Librae. 
Two  minima. 

1890  April  20  ;  six  observations,  from  9h  0m  to  10h  25" 
Time  of  minimum  by  single  curve,  9h  30'",  wt.  1. 
Time  of  minimum  by  mean  curve,  9h  24'". 
Time  of  minimum  by  equal  brightness, 


Before 

A  f  ter 

Mean 

h      ni 

9  2 

h        ni 

9  59 

9   30J5 

5.8 

1891  May  2  ;  nine  observations,  from  8h  20"'  to  10h  45" 
Time  of  minimum  by  single  curve,  9h  42'",  wt.  4. 
Time  of  minimum  by  mean  curve  9h  21"  .2. 
Time  of  minimum  by  equal  brightness, 


Before  After 

.">.":»  9  23m  10'l3m 

6.0  9  30  10     0 

Mean  of  middle  times 


9  48 
9  45 
9  46.5 


5484.     U Coronae  Borealis. 

Two  minima. 

1890  April  11  ;  nine  observations,  from  7'1  55'"  to  101'  20" 

Time  of  minimum  by  single  curve,  8h  9'",  wt.  3. 

Time  of  minimum  by  mean  curve,  8h  12"'. 

Time  of  minimum  by  equal  brightness, 


Before 

After 

Mean 

1.          m 

h         m 

h       ir 

7  47 

8  33 

8  10 

9.0 

1890  Aug.  27  ;  nine  observations,  from  8h  20"'  to  10h  45" 
Time  of  minimum  by  single  curve,  9h  32m,  wt.  4. 
Time  of  minimum  by  mean  curve,  9h  51"'. 
Time  of  minimum  by  equal  brightness, 

Before  After  Mean 

8*7             8h58m            10"45m  9h5T5 

8.S             9     6             10  20  9  43.0 

8.9             9  25               9  53  9  39.0 

Mean  of  middle  times  9   44.5 
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6189.     U  Ophiuchi. 
Three  minima  observed. 

1890  July  5  ;  thirteen  observations,  from  *  5.V-  to  1 1 '  16' 
Time  of  minimum  by  single  curve,  10h  56"',  wt.  8. 
Time  of  minimum  by  mean  curve,  10b  40'". 
Time  of  minimum  by  equal  brightness. 

Before  After  Mean 

6*5  10  16"  11  28  10  49"5 

1890  July  21  ;  eight  observations,  from  9h  15m  to  10h  53° 
Time  of  minimum  by  single  curve,  9h  45"',  wt.  4. 
Time  of  minimum  by  mean  curve,  91'  36™. 7. 
Time  of  minimum  by  equal  brightuess, 


Before 

After 

Mean 

h        ni 

h        m 

h         m 

9  13 

9  56 

9  34.5 

6.6 

1830  Sept.  1  ;  eight  observations,  from  7h  35m  to  9h  35"'. 
Time  of  minimum  by  single  curve.  8h  15"',  wt.  2. 
Time  of  minimum  by  mean  curve,  8h  1"'.3. 

The  decrease  observed  before  minimum  was  not  enough 
for  a  reduction  by  equal  brightuess. 

Dorchester.  Mass.,  1S91  May  16. 


Recapitc 

LATION. 

Single  Curve            Mean  Curve 

Eq.  Br. 

320  UCepliei 

1890  Oct.  18 

- 

-      " 

28 

8  11.8 

8  20.0 

1090  Algol 

1896  Nov.  20 

- 

8  49.0 

1891  Feb.  l  1 

8  32.0 

_ 

1*411  ITauri 

1890  Nov  19 

10     4.0 

23 

8  16.0 

27 

8  36.0 

1891  Feb.  18 

9  35.0 

9  33.1 

22 

9  40.0 

9  22.7 

2610  R  Can.  maj 

1891  Mar.  10 

9  23.5 

-     - 

3407  Antliae 

1891  Jan.  30 

10  27.0 

10     8.5 

Mar.  1" 

7  58.0 

7  54.4 

Apr.  26 

8  38.0 

8  44.2 

5374  0  Librae 

1890  Apr.  20 

9  30.0 

9  24.0 

9  30.5 

1891  May    2 

9  42.0 

9  21.2 

9  46.5 

5484  UC'oronae 

1890  Apr.  11 

8     9.0 

8  12.0 

8  10.0 

Aug.  27 

9  32.0 

9  51.0 

9  44.5 

6189  VOphiuchi 

1890  J ul  v    5 

10  56.0 

10  40.0 

10  49.5 

21 

9  45.0 

9  36.7 

Sept.  1 

8  15.0 

8     1.3 

FILAR-MICROMETER  OBSERVATIONS  OF   COMET  1S90  II  (bbooks  . 

MADE    WITH   THE   26-INCH   EQUATORIAL   OF   THE    I.EANDER   M' CORMICK   OBSERVATORY   OF   THE    UNIVERSITY   OF    VIRGINIA. 

[Communicated  by  the  Director.] 


1891  Local  M.T. 

* 

No. 

Comp. 

Planet  - 
z/a 

-* 

Planet's  Apparent 
a                        8 

-     A 
for  a       |      for  ,1 

Obs. 

d 

Jan.  13 
14 

19 

Feb.  10 
Mar.  13 

17  36     5 
17     9   10 
17  30     7 
17  43   18 
16  45  38 
15  22  49 

8  27     1 

9  22   16 

1 
2 
3 
4 
5 
6 

8 

4  ,  7 

5  ,  2 
8  ,  3 
8  .  1 

3  .  2 

4  ,  4 
4  ,  4 

+  0"' 43^64 

—  1   30.60 
—1   14.13 

—  1   51.72 
—5  58.83 
—6  41.17 
—1  46.65 
+  3  44.06 

+  3'  47.7 
+  3  55.0 
+  0  00.0 
+  2  43.3 
—4  19.4 
—3  26.3 
—1   18.3 
—0  33.8 

12  34m35.S66 
12  33     3.01 
12  33     2.40 
12  33     0.82 
12  24  37.43 
11  37  22.16 

+31   14  37.3 
+81   24  24.1 
+81   24    10.8 
+  31   24   38.4 
+32  15  30.6 
•     i.i 

8.929 
-   527 
- 

9.054 

8.660 

9.236 

r»9.544 

0.029 
9.996 
9.978 
0.028 
! 
9.725 

S 

P 
P 
P 
P 
P 
P 

s 

P 

10  23  13.37 

+35  58  16.1 

Mean   Places  for  1S91.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Bed.  to 
app.  place 

Authority 

1 

12  33  52.38 

— 0'.31 

+  31   10  57.8 

—8.2 

Leiden  /ones.   V  [(188,49)  +  (191, 

2 

12  34  33.88 

—0.27 

+  31  20  37.3 

—8.2 

Bonn  VI.  2894 

3 

12  34   16.81 

—0.28 

+  31   24  49.1 

—8.3 

\\  .11 

4 

12  34  52.81 

—0.27 

+  31   22     3.3 

—8.2 

DM.  2395  comp.  with  Bonn  VI,  i 

5 

12  30  36.34 

—0.08 

+  32  19  58.9 

—8.9 

Leiden  Zones.  ^[(183,46)  +  (1      ,28 

6 

11    II     2.45 

+  0.88 

+  35  32   12.5 

—8.0 

W.B.  828 

< 

in  25     7. 

+  1.26 

+  36     1 

+  0.2 

DM.  2079 

8 

10  19  28.07 

+  1.24 

+35  58  49.4 

+  0.5 

Glasg 

S.   as  ORHOND  Shine:         1'  =  X.   M.    PaRRISH. 

Nucleus  12  mag. ;  tall  1'.6  long;  position-angle  =  880  .  Star  4 —  B.  VI,  8894  =  - 
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LETTER    FROM    MR.    BERBERICH    TO   THE    EDITOR. 


I  bave  the  b »r  to  send  yon  a  continuation  of  the  ephem- 
eris of  Wolf's  comet.  From  tbe  Brat  observations  of  the 
present  apparition  (Vienna,  Lick).  1  bave  deduced  a  cor- 
rection of  -I  •"•'  0".0  for  tlic  mean  anomaly,  which  corre- 
sponds to  mii  acceleration  of  0.84600  days  in  tbe  perihe- 
lion passage.  The  other  elements  (  A.J.  288)  bave  been  re- 
tained nnchanged.     Allow  me  to  add  the  remark  that  in 

1890  the  c el  was  searched  for  at  several  observatories, 

also    i'\     Prof.  Barnard,   with    an    ephemeris    depending 


on  the  -Mine  chin,  nis.  but  no  trace  of  it  bas  been  Been. 
Now  wc  learn  that  the  correction  of  tbat  ephemeris  could 
not  have  exceeded  +10"  and  +0'.5;  and  we  must  assume 
that  tli«'  cornel  has  been  too  faint  at  the  opposition  of  the 
past  year.  The  computed  brightness  was  about  0.2  of  that 
of  May  I,  I89i. 

A.    BCRBERII  II. 

Berlin,  L89J  May  6. 


CORRECTED   EPHEMERIS  OF  COMET  1891   {wolfs  psmomc  combti. 
Berlin  Midnight. 


July 


Am 


App.  a 

App.  S 

log  A 

log  ;• 

Br. 

App.  a 

App.  6 

log  A 

log  -• 

Br. 

6 

1  i  .;  i 

+  26° 

30.3 

0.1916 

0.2305 

3.1 

Aug.  7 

2  WW 

+  28 

18.6. 

0.0957 

0.2085 

5.4 

7 

7  12 

26 

38.5 

8 

33  22 

28 

15.9 

8 

9  50 

26 

16.4 

9 

36  2 

28 

12.8 

9 

12  29 

26 

54.1 

10 

38  42 

28 

9.2 

10 

15  8 

27 

1.5 

0.1800 

0.2270 

3.3 

11 

41  21 

28 

5.2 

0.0832 

0.2068 

5.7 

11 

17  48 

•27 

8.6 

12 

43  59 

28 

0.8 

12 

20  28 

27 

15.5 

13 

46  37 

27 

55.9 

13 

23  8 

27 

22.0 

14 

49  14 

27 

50.5 

1  1 

25  49 

27 

28.3 

0.1683 

0.2237 

3.5 

15 

51  51 

27 

44.7 

0.0707 

0.2053 

6.0 

15 

28  30 

27 

34.3 

16 

54  27 

27 

38.4 

16 

31  11 

27 

40.0 

17 

57  2 

27 

31.6 

17 

33  53 

27 

45.4 

18 

2  59  36 

27 

24.3 

18 

36  35 

27 

50.5 

0.1565 

0.2206 

3.8 

19 

3  2  10 

27 

16.6 

0.0581 

0.2041 

6.4 

19 

39  17 

27 

55.3 

20 

4  43 

27 

8.4 

•20 

41  59 

27 

59.7 

21 

7  14 

26 

59.7 

21 

44  41 

28 

3.8 

22 

9  44 

26 

50.5 

22 

47  24 

28 

7.6 

0.1446 

0.2178 

4.1 

23 

12  14 

26 

40.9 

0.0455 

0.2032 

6.8 

28 

50  6 

28 

11.0 

24 

14  43 

26 

30.8 

'24 

52  19 

28 

14.1 

25 

17  10 

26 

20.1 

25 

55  32 

28 

16.9 

26 

19  36 

26 

9.0 

26 

1  58  15 

28 

19.3 

0.1326 

0.2152 

4.3 

27 

22  0 

25 

57.3 

0.0329 

0.2026 

7.3 

•27 

2  0  58 

28 

21.3 

28 

24  23 

25 

45.2 

28 

3  41 

28 

23.0 

29 

26  46 

25 

32.5 

29 

6  21 

28 

24.3 

30 

29  7 

25 

19.3 

30 

9  7 

28 

25.2 

0.1204 

0.2127 

4.6 

31 

31  26 

25 

5.6 

0.0204 

0.2022 

7.7 

31 

11  50 

28 

25.7 

Sept.  1 

33  44 

24 

51.3 

1 

14  32 

28 

25:9 

2 

36  0 

24 

36.6 

2 

17  15 

28 

25.7 

3 

38  15 

24 

21.3 

3 

19  57 

28 

25.1 

0.1081 

0.2107 

5.0 

4 

40  28 

24 

5.6 

0.0080 

0.2022 

8.2 

4 

22  89 

28 

24.1 

5 

42  39 

23 

49.3 

5 

25  20 

28 

22.7 

6 

44  49 

23 

32.4 

6 

28  1 

28 

20.9 

7 

46  57 

23 

15.0 

7 

2  30  42 

+  28 

18.6 

0.0957 

0.2085 

5.3 

8 

3  49  2 

+  22 

57.1 

9.9957 

0.2024 

8.6 

The  brightness  of  the  comet,  at  the  time  of  rediscovery,  has  been  taken  a-  unity. 
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REDISCOVERY  AND  OBSERVATIONS  OF  WOLF'S  PERIODIC  COMET  (1884  III). 

By  e.  E.  i:  IRNARD. 


I  have  made  quite  an  extended  search  for  this  comet  since 
last  year  (an  ephemeris  having  been  kindly  supplied  me  by 
Dr.  Berberich  for  1890).  It  remained  too  faint,  however, 
for  the  12-inch  until  the  morning  of  May  1,  when  I  found  it, 
after  a  careful  search,  close  to  the  position  assigned  by  Dr. 
Berberich  (A.J.  238). 

The  comet  was  extremely  faint  and  small.     I  estimated  it 


to  be  about   13-J".      It    was  .'."  or   10"  in   diameter — a  very 
small,  indefinite  speck  of  haze. 

The   morning  of   May  C  was  cloudy,  and   it   is  not! 
which  will  prevent  observations  of  tl  re,  perhaps, 

for  >oin(_-  time. 

Following  are  the  observation-. 


FILAR-MICROMETER    OBSERVATIONS    OF    WOLF'S    PERIODIC    COMET  b  1891, 

MADE   WITH   THE   12-INCH    EQUATORIAL   OF   THE   LICK    OBSERVATORY,    BY   E.   E.   BAILS  1111'. 


l-'.'l  Mt.  Hamilton  M.T. 

* 

No. 

Collip. 

/la 

-* 

^'s  apparent 
a                       8 

log  pA 

for  .i      |         lor  A 

May  3     15  23  33 

15  33  54* 
15  44  47 
4      15   10  31 

1 
1 
1 
2 

8  ,4 

1 

10  ,  6 

+  o"43'.5G 
+  0  45.20 

—  1   49.75 

—  1     6.2 

—0  45.4 

—2     8.7 

22*33"' 16*71 
22  33   18.85 

22  35  2G.13 

+13  ii  27.3 

+  13   11   48.1 
+  13  25  33.9 

»9.641 

»,9.632 

n9.650 

0.656 

6.643 
0.660 

*  Time  uncertain  by  as  much  as  two  minutes. 

Mean  Places  for  1891.0  of  Comparison-Stars. 


* 

a 

Red.  to 

app.  place 

s 

Red.  to 

app.  place 

Authority 

1 

2 

22"32m33.79      1     —  o!«4 
22  37  16.43          —0.55 

+  13   12  44.7 
+  13  27  53.7 

—11.2     I     Comp.  with  W.B.  XXII  632 
—11.1          W.B.  XXII  759 

Star  1  - 

Mt.  Hamilton,  1891  May  C. 


W.B.  XXII.  632,         J«  =  +1'"  3S\U2(4),         JS  =  —1'  42'. 3  (2). 


In  the  note  on  p.  7,  no.  241,  the  interpolation  was  inad- 
vertently made  as  if  the  ephemeris  had  been  for  noon, 
instead  of  midnight.  The  corrections  O — C  should  there- 
fore have  been  stated  as      +  31V4  and  +0'.5  ;     and  the  time 


of  perihelion  passage,  by  the  two  coordinates,  agrees  within 
a  tenth  of  a  day.  Its  value  appears  to  be  1891  Septem- 
ber 3.52  Gr. 

Ed. 


OBSERVATION   OF   THE   TRANSIT   OF   MERCURY   <  >N    MAY    9,  1891, 


.1     nil:   OB8ERVATOR1    01     i  1 1 1     BTATK   imviiimiy.   CO 

By  MILTON  LTPDEGRAPF. 


The  observation  was  made  with  the  7^-inch  equatorial  of 

this  observatory,  focal  length  =  10  ft.  7  in  ,  by  MERZ  »/<</ 
M  un.r.i:,  and  the  time-piece  Used  was  a  watch  which  was 
i pared  with  the  sidereal  clock  of  the  observatory,  imme- 
diately before  and  after  the  observation.  The  power  of  the 
eyepiece  used  is  250. 

Ten   minuter   before   the   predicted    time  of    first    contact. 
Clouds  rendered  the  sun's  limb  invisible.     About  two  01'  three 

minutes  before  the  predicted  time  of  second  contact,  the 
clouds  cleared  sufficiently  for  the  planet  and  sun's  limb  were 


plainly  visible  — the  planet  being  more  than  half  way  on  the 
disk  when  lirst    seen.      The  Greenwich   tin  ■  I   con- 

tact was  observed  as  follows  : 


11  58  12     second  contact  suspected,     (wt.  1). 
11   -"'S1  33     time  of  second  contact  certainly  past. 


ii   58  26     adopted  time  (by  watch)  of  second  contact. 

— 28*.0      watch    IT. 

11  .*i7  58    observed  Greenwich  Ml  ;  contact. 

The  limb  of  the  sun  and  the  disk   of   the   planet  were  both 
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j, K-  defined,  as  seen  through  the  clouds,  and  the  obs<  i  va- 

t ion  whs  embarrassed  by  the  necessity  of  changing  Bhade- 
.  Xhe  uncertainty  of  the  observed  time  is  estimated 
Immediately  after  the  observation  I  decided  to  give 
the  time  marked  "suspected,"  weight  1,  and  thai  marked 
••  certainly  past,"  weighl  2,  in  deri>  ing  the  adopted  observed 
timeof  - '"i  i  ontact.  The  chief  uncertainty  in  the  Green- 
wich time  used  lies  i '  longitude,  which,  however,  cannot 

be  wrong  hy  more  than  one  and  one-half  Beconds. 


Mr.  II.  ('.  Williams,  one  of  my  Btudents,  using  the  two- 
inch  telescope  of  our  altazimuth  instrument,  and  a  watch, 
corrected  by  comparison  with  the  Bidereal  clock,  observed 
the  Becond  contact  at 

1 1     57™   I s    •  Sreenwich  time. 

Three  minutes  afterward,  contact  with  the  Bun  was  com- 
pletely obscured  by  clouds,  and  remained  so  until  sunset. 

The  position  of  this  observatory  is  /.  =  6b  9™  18'  from 
Greenwich,     y  =  +38°  56'  50". 


THE    VA  I  i  I A 15  L I-:   ST  A  KS    T  AND  U  MONO  CER  O  TI8,  1 8!  1 1 . 

By  EDWIN  V.   SAWYER. 

from  1890  Nov.  14  to  1891  May  3.     When  charted,  these 
observations  permit  the  determination  of  the  following  times 


T  Monocerniis. 
Forty-one  observations  were  obtained  on  this  star,  extend- 
ing from  1890  Nov.  3,  to  1891  April  25.  From  these  the 
following  epochs  of  maxima  and  minima  have  been  deduced, 
in  Boston  M.T.,  using,  as  usual,  the  nieau  light-carve 
formed  from  the  1881-83  observations: 


( >B81  i:\  BD  Mamma. 


Observed  Minima. 

1890  Nov.  5  4  5o" 
Dec.  5  16  10 
Dec.  30  15  10 

1891  Feb.  21  8  0 
Mar.  20  13  40 


U  3fonocerotis. 
The  observations  ou   this    star   number  36,   and   extend 
Brighton,  Muss.,  1891  May  28. 


1890  Nov. 

1  1 

4  25 

Dec. 

12 

6  25 

1891  Jan. 

8 

8  20 

Feb. 

3 

20  44 

Mar. 

1 

12  38 

Mar. 

29 

2  48 

Apr. 

25 

8  0 

of  maxima  and  minima 
Maximum 


Minimum  ■ 


Light  =  11.8 
15.0 
12.3 

—  l.H 

+  4.2 
—0.8 
+  2.2 


1890  Dee.  27.0 
L891  Feb.     7.5 

Apr.  4.0 
1890  Dee.     8.0 

Jan.  19.0 

Mar.  14.0 

Apr.  26.5 

The  interval  between  the  1st  and  2d  maximum  =  42.5 
days;  and  between  the  2d  and  3d  maximum  =  56.5  days. 
The  interval  between  the  1st  and  2d  minimum  =  42  days; 
and  between  the  2d  and  3d  minimum  =  43.5  days.  The 
maxima  and  minima  were  all  very  faint,  ["was  not  ob- 
served brighter  than  7.0  mag.,  and  was  seen  as  faiut  as  7.9 
mag.,  the  fluctuations  being  confined  between  these  limits. 


CONTRIBUTIONS    TO    THE    KNOWLEDGE    OF    THE    INEQUALITIES    IX    THE 
PERIODS   OF   THE   VARIABLE   STARS, 


By  S.  C.  CHANDLER 


8512.     11  Aquarii. 
This  is  one  of  the  few  stars  to  which  an  asterisk  is  affixed 
in  the  ephi  merides  of  the  Vierteljahrsschrift  ;  a  mark  which 
denotes  the  exceptional  cases  in  which   the  elements  of  the 
catalogue,  A,  .  uos.  1.79-180,  aud  its  supplement 

no.  216,  have  not  beeu  rigorously  employed,  but  that  a  pro- 
visional correction  has  been  applied  thereto.  It  has  been 
thought  advisable,  therefore,  to  publish  the  investigation  on 
which  those  elements  were  based,  and  the  occasion  has  been 
utilized  to  introduce  some  slight  corrections  in  the  various 
coefficients,  resulting  from  a  new  solution.  1  think  it  will 
be  seen  that  we  have  abundant  reason  for  confidence  in  the 
general  correctness  of  the  elements,  and  in  the  reality  of  the 


periodical  term  incorporated.     The  improved  elements  are, 

1811  Dec.  4.7  +387a.05.E  +39J.2  sin(10°  E  +230°), 

which   are  to   be   substituted   for  those   of   the   catalogue, 
namely, 

1811  Nov.  30.6  +387d.16S  +35d.O  siu(10°£  +235°). 

The  column  O— C"  below  gives  the  comparison  of  the  ob- 
served times  of  maximum  with  the  first  two  terms  of  the 
above  expression,  aud  by  its  side  are  the  values  of  the  sine- 
term.  The  comparison  of  the  two,  aud  the  final  deviations, 
O — C,  will  show  how  satisfactory  is  the  evidence  of  the 
periodical  fluctuation  of  the  period. 
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E 

i  observed  Max. 

O— C 

Sine  -tern 

(J 

— C 

Authority 

0 

1811  Oct. 

20 

— 15.7 

—30.0 

— 

15.7 

Harding 

2 

1818  Dec. 

8 

—39.8 

—36.8 

— 

3.0 

" 

1 

1816  Jan. 

8 

—52.8 

—:;:'. ii 

— 

3.8 

" 

14 

1826  Oct. 

23 

+  17.6 

+   6.8 

+  10.8 

Schwerd 

15 

1827  Nov. 

26 

+  29.5 

+  13.4 

+  16.1 

" 

30 

1843  Oct. 

1 

+  11.8 

+   6.8 

+ 

5.0 

Argelander 

32 

1845  Oct. 

25 

—  7.3 

—  6.8 

— 

0.5 

" 

33 

1846  Nov. 

1!) 

—  4.4 

—  i:;.l 

+ 

9.0 

" 

38 

1852  Jan. 

26: 

—45.6: 

—36.8 

— 

8.8: 

" 

1  1 

1858  July 

19: 

—  1.9 : 

—30.0 

+  28.1  : 

" 

45 

1859  July 

21 

—21.9 

—  25.2 

+ 

3.3 

" 

4S 

1862  Oct. 

5 

—11.1 

—  6.8 

— 

■1.3 

" 

51 

1865  Dec. 

28 

+    7.8 

+  13.4 

— 

5.6 

Schonfeld 

52 

1867  Jan. 

26 

+  14.7 

+  19.6 

— 

4. 'J 

" 

60 

1875  Aug. 

14 

+  40.3 

+  36.8 

+ 

3.5 

Schmidt 

61 

1876  Aug. 

23.8 

+  29.1 

+  34.0 

— 

4. 'J 

'.' 

62 

1  K77  Sept 

14 

+  28.2 

+  30.0 

— 

1.8 

" 

63 

1878  Oct. 

7  : 

+29.2 

+  25.2 

+ 

l.n. 

Schwab 

63 

Oct. 

5  1 

+  25.3 

+  25.2 

+ 

0.1 

Schmidt 

64 

1879  Oct. 

24 

+  24.1 

+  19.6 

+ 

1.5 

" 

65 

1880  Oct. 

28.5 

+   7.6: 

+  13.4 

— 

5.8: 

" 

66 

1881  Nov. 

13.6 

+    1.0 

+    6.8 

— 

5.2 

" 

67 

1882  Dec. 

2.0 

—  2.0 

0.0 

— 

2.0 

" 

68 

1883  Dec. 

25  : 

—  1.1 

—    6.8 

+ 

5.7  : 

Sawyer 

68 

Dec. 

21.0 

—  5  1 

—  6.6 

+ 

1.7 

('handler 

69 

1885  Jan. 

4 

—  12.2 

—13.6 

+ 

1.4 

Sawyer 

With  reference  to  Argei  ihdi  r's  epoch  44,  it  will  be  seen 
by  reducing  the  original  observations  (B.B.  VII,  184)  that 

not  only  is  the  date  very  uncertain,  —  the  observations  be- 
ginning with  the  day  preceding  thai   assigned  for  thi 
mum, — but  that  the   star    was  then    nearly  a   magnitude 
fainter  than  its  usual  brightness  at  maximum,  which  may 

therefore  have  easily  preceded  tie'  assigned  date  by  nearly  a 
month,  and  thus  reduce  the  above  deviation  from  the  ele- 
ments to  nearly  zero.  In  the  maximum  of  1859  the  cor- 
rection on  p.  524,  B.B.  VII,  has  been  made. 

The  times  of  the  next  few  computed  maxima  are  as  fol- 
lows : 

E  76     18'J2  May  10 

77  1893  June     1 

78  1894  .lime  25 

During  the  last  few  years  the  star's  proximity  to  the  sun 
has  prevented  the  determination  of  maxima,  but  next  year 
and  thereafter  observation  will  be  possible  during  the  morn- 
ing hours,  and  it  is  greatly  to  be  hoped  that  the'  star  will 
receive  attention. 

Cambridge,  1891  June  1. 


NEW  ASTRONOMICAL  WOKK. 


Untersuchungen  iiber  das  System  der  Cometen  1843  I,  1880 1  und  1882  II. 
//  Theil.  Der  grosse  Septembercomet  1882 II  ( Fortsetzung) .  Von 
Dr.  HEINRICH  KreDTZ,  Kiel,  1891. 

The  first  part  of  this  memoir  has  already  been  noticed  (Vol.  VIII, 
184).  In  the  present  portion  the  author,  with  the  same  character- 
istic thoroughness  and  critical  ability,  carries  forward  the  investi- 
gation, by  examining  more  intimately  the  orbits  of  the  separate 
portions  of  the  nucleus,  after  the  comet's  perihelion  passage,  and 
t  In'  nature  of  the  cause  of  the  division.  Starting  with  the  elements 
II  derived  in  Part  I,  a  comparison  is  made  with  all  the  observa- 
tions. After  determining  directly  the  relative  distance  of  the 
various  nuclear  points,  the  deviations  from  the  assumed  elements 
of  all  the  observations  subsequent  to  perihelion  are  referred  to  a 
system  of  coordinates  based  on  the  line  of  the  nuclei,  with  the 
nucleus  (2)  as  origin.  Critical  identifications  having  thus  been 
made  of  the  observations  which  refer  to  this  nucleus,  thirty-two 
normal  places  are  formed;  namely  (a),  eight  from  observations 
before  the  division;  (b)  ten  from  the  direct  observation  of  nu- 
cleus c.M;  (!•)  one  from  the  observation  of  the  comet's  entry 
upon  the  sun's  disk,  Sept.  17:  (</)  thirteen  from  observations 
in  which  the  point  measured,  in  the  line  of  nuclei,  is  not  certain, 
and  for  which,  therefore,  only  the  coordinate  perpendicular  to  this 
line  can  be  used.  In  this  way  tlfty  equations  id'  condition  are  ob- 
tained, the  differential  coefficients  being  computed  by  SchoNFELD'S 
formulas.  The  solution  gives  the  detlnitive  elements  III  of  the  nu- 
cleus cm.  Retaining  the  normals  in  groups  (a),  (cj  and  n/i,  un- 
changed, but,  making  the  requisite  corrections  in  the  group  (6)  to 
correspond  to  the  position  of  the  nuclear  points  (8J,  (4)  and  (1), 
the  corresponding  elements  III  for  those  particles  are  similarly  de- 
termined. The  comparison  of  these  various  sets  of  elements  shows 
that  all  are  practically  identical  except  in  the  eccentricity,  the 
corresponding   values  of   the   periodic   times   being,  in  vears,  671.8 

for  (1),  771.8  for  (2),  875.0  for  (8),  and  956.2  for  |  1).  From  a  dis- 
cussion of  the  various  results  it  is  concluded  that  no  definite  Infer- 
ence can  be  drawn  as  to   the  situation  of  the  center  of   gravity  of 

the  comet  in  the  li (  the  nuclei,  except  that  it  probably  lies  be- 
tween I  '-'  I  and  (4). 

A  new  set  of  elements,  IV.  is  now  derived,  solely  from  the  obser- 
vations after  perihelion  passage.  For  (2)  and  fS)  this  solution  is 
made  in  two  ways,  first  regarding  all   the  elements  as  unknown; 


second,  assuming  the  plane  to  be  that  given  by  the  former  elements. 
Since  there  appears  to  be  no  sensible  difference  in  the  planes,  the 
solutions  for  (1)  and  (4)  are  conducted  only  on  the  second  suppo- 
sition. In  all  these  solutions  it  appears  that  all  the  clement-  s 
within  their  probable  errors,  with  the  corresponding  elements  III. 
and  that  the  satisfaction  of  the  normal  places  is  not  essentially 
better;  consequently,  that  III  maj  be  regarded  as  the  definitive  ce- 
ments for  the  various  unclear  points. 

For  the  determination  of  the  orbit  before  the  division,  the  appro- 
priate observations  are  discussed  in  a  similar  discriminate  manner. 
From  the  nature  of  the  ease  the  eccentricity  is  very  indeterminate. 
A  general  solution.  Y.  gives  the  periodic  time  1497  years,  and  one. 
VI,  assuming  the  plane  already  deduced  from  all  the  obsi  ivatious. 
gives  12l,"i  years,  with  probable  errors  of  lsr,  and  111  years,  re- 
spectively. This  uncertainty  as  to  the  form  of  the  orbit  before 
perihelion   raises    the    question    whether    the    observations    for   this 

period  may  not  i.e  presented  i>\  a  parabola;  bnt  three  solutions,  \  [, 

VII  and  VIII.  on  varying  premises,  all   answer  this  question  in  the 

negative.     It  may,  therefore,  be  certainly  concludi  d.  that  the  comet 

entered  our  system  in  tin  elliptical  orbit,  whose  period  id'  revolution 

was  at  least  77u  years,  the  superior  limit  cannot  in-  definitely 
named,  but  Dr.  Kreutz  is  inclined,  from  sundry  considerations,  to 
place  it  at  looo  years. 

The  interesting  topic  is  now  taken  up  of  tin-  cause  of  the  division 
of  the  comet.    Treating  this  as  a  result  of  a  disturbing  for 
Ing  gradually,  in  the  direction  of  the  tangent  to  the  orbit,  and  vary- 
ing as  the  square  of  the  velocity  of  the  cotuct.  and    inversely  as  the 

square- of  its  distance  from  the  sun.  it  is  endeavored  to  find  the 
numerical  value  of  the  constant.  I'.  of  such  a  force,  reckoned  posi- 
tive in  the  direction  of  the  elliptic  motion,  and  heme  negative  when 

the  force  acts  in  the  same  sense  a-  a  resisting  medinn 

ment  of  CTas  a  seventh  unknown,  to  tie  f.umd  simultaneously  with 

the   elements,    involves    considerable    indeterminatencss.    from    the 

manner  in  which  it  is  Involved  w  Itb  the  eccentricity .     Determining 

the  elements  as   functions  of  < '.  the  values  of  the  hitter,  w  h 

a  minimum  sum  of  the  residual-squares,  are  — 0  '• 

4-0.0418  and  +0.0766  for  the  points     i 

tiv  ely.      It  is  farther  shown  that  on  the  purely  hypothetical  assump- 
tion  that   the  center  of  gravity  of  the   comet  lies  niiin 
'J    and     8   .  values  of  {'will   be  obtained  which  accord  suffl 
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well  wiih  the  foregoing.    Also,  that  the  differences  In  tin-  elements 
are  in  iepl  In  tbe  eccentricity,  and  thai  results  practl- 

ictorj  could  !"•  reached  assuming  this  alone  to  have 
been  affected,  and  that  the  disturbance  occurred  suddenly,  at  peri- 
helion |.:i^~:t_;.'.     a   most  startling  Inference  Is  thai  a  change  of 

I  at  perihelion  of  on '  i  w  <  >  meters  al  most,  from  the  total 

velocity  of  178062  meters,  Is  Bufflclenl  to  aw  ounl  i"i   tli< 

separation. 

Dr.  Ki:i  i  1/  concludes  this  part  "f  the  subject  bj  presenting  the 
consideration  that,  If  the  disturbance  be  conceived  as  concentrated 
ai  perihelion,  it  must  be  regarded  as  necessarily  generated  in  the 


comet  Itself,  and  not  due  to  any  force  emanating  from  tin-  son;  en 

countering  i  In-  objection  u  blcl ty  be  raised  to  this  \  lew  by  -how  - 

Ing  that  while  such  a  force  may  operate  In  any  direction,  the  com- 
pon<  ni  a  in  i  in  direction  of  the  radios-vector,  and  perpendicular  to 
tiir  orbit,  would  produce  Insignificant  effects,  and  that  it  i-  only 
required  that  the  tangential  component  Bhould  be  sufficient  to  can-' 
i  i,  obsen  ni  separat  ion, 

The  final  section  of  the  memoir  i-  devoted  to  a  topic  suggested 
bj  s.  ii.in 1 1  m>  as  interesting  theoretically;  namely,  the  effect  of  a 

flattening  <>f   tin-  solar  globe  on  tbe  motion  of  a  body  pa— 

near  it.    The  discussion  lea.is  to  a  negative  result. 


EDWA1M)    SCIIONFELD. 


With  Hie  Editor  announces  the  death,  at  Bonn,  on 

May  1.  of   Professor  ScHONFKLD.      His  important  labors  need  not 

be  recounted  to  astronomers;   for  his  works  are  not  only  classic  in 

our  science,  but  an-  indispensable  for  all  who  are  engaged  in  the 

study  of  stellar  astronomy.    The  preeminent  part  which  he  took,  to- 

■  with  Km  iiiie,  iii  Argelander's  great  Durchmwterung  des 

Vdrdltehen  Himmels,   -his  masterly  researches  concerning  variable 

stars,  both  in  their  observation  and  in  the  discussion  of  the  results, — 

ami  his  subsequent  extension  of  the  Durchmvaterung  as  far  as  the 

southern  tropic,  —  would,  each  of  them,  have  sufficed  to  secure  for 

bis  name  an  eminent  and  enduring  place  in  the  annals  of  astronomy. 

lie  was  horn  1828  Dec.  22,  ai  Hlldburghausen,  In Saxe-Meiningen, 

and  studied  at  tbe  universities  of  Marburg  and  Bonn.     At  the  latter 

his  marked  ability  and  zeal  soon  drew  the  attention,  and  enlisted 
the  Interest,  of  UsGELANDER,  whose  assistant  at  the  observatory  he 
became  in  1858. 

Since  that  time  his  scientific  labors  have  been  familiar  to  astrono- 
mer-, with  whom  his  name  has  been  a  guarantee  for  all  that  is  im- 
plied by  tiie  words  excellence  and  thoroughness.  For  minute 
exactness  and  exhaustive  comprehensiveness  of  research;  it  would 
be  difficult  to  find  bis  superior.  Punctilious  accuracy  and  complete- 
ness are  the  unfailing  characteristics  of  his  works. 

After  the  essential  completion,  in  1859,  of  the  observations  for 
the  Durchmusterung,  Schojifeld  was  appointed  to  the  directorship 
of  the  Observatory  at  Mannheim.  The  instrumental  equipment 
was  very  Inadequate;  yet  "  evil  will  bless,"  and  it  was,  in  all  prob- 
ability the  absence  of  instruments  of  a  high  order,  which  led  him 
to  concentrate  his  powers  and  energy  upon  the  study  of  variable 
stars.  Not  merely  his  numerous  discoveries,  but  his  thorough 
study  of  the  laws  which  govern  the  variations,  soon  placed  him  ill 
the  front  rank  of  investigators  in  this  field;  and  when,  in  1875,  he 
was  called  to  succeed  his  revered  teacher  and  friend  in  the  Observa- 
tory at  Bonn,  he  stood,  by  common  consent,  at  their  head.  Mean- 
while he  had  observed  with  a  ring-micrometer  the  positions  of 
nebulas  visible  with  the  equatorial  at  his  observatory ;  and   pub- 


lished a  catalogue  of  489  of  these,  prepared  with  his  wonted  refine- 
ment of  method.  Notwithstanding  the  restricted  mean- at  his  dis- 
posal, this  might  well  serve  as  a  model  for  subsequent  ones. 

At  Bonn,  the  control  of  superior  instruments  entailed  new  duties ; 
and  while  the  meridian  work  of  the  observatory  was  going  forward 
in  observations  of  the  zone  40°  to  otf  so  actively  that  at  present 
few,  if  indeed  any,  observations  remain  to  be  supplied,  SrnoNiT.i.n 
personally  undertook  the  vast  labor  of  extending  the  Durchmue- 

!■  rung  southward,  through  twenty  additional  degrees.  Hi-  pl'e\  iOUS 
experience,  while  making  him  familiar  with  the  work,  enabled  him 
to  improve  the  methods  and  to  extend  the  limit  of  magnitude,  and 
the  brilliant  success,  with  which  his  efforts  were  crowned,  needs 
no  mention  here. 

on  the  completion  of  the  observations  for  the  8i)8liche  Durcli- 
musterung,  SCHONFELD  resumed  hi-  work  upon  variable  stars,  which 
had,  in  fact,  never  been  altogether  discontinued.  Indeed,  within  this 
last  year  lie  announced  the  essential  completion  of  a  new  series  of 
results  concerning  <t  Cephei,  winch  promised  ample  material  for  an 
independent  determination  of  its  light-curve.  And  he  added  the 
sadly  suggestive  remark  that  he  had  been  engaged  upon  a  collection 
of  his  earlier  Mannheim  observations  of  this  and  other  variables, 
in  order  to  insure  their  preservation  iu  proper  form,  for  the  case 
that  he  should  himself  not  be  able  to  publish  them. 

Schonfeld's  remarkable  abilities  were  by  no  means  confined  to 
astronomy.  An  unusual  amount  of  general  information  was  kept 
always  at  his  command  by  a  singularly  retentive  memory.  In  all 
matters  pertaining  to  the  History  of  Astronomy  this  was  a  wonder- 
ful repository  of  names  and  dates,  and  a  storehouse  of  interesting 
and  rarely  known  details. 

Last,  though  not  least,  his  personal  character  was  beflttiug  a  man 
of  high  scientific  attainments  and  powers.  With  extreme  modesty, 
kindliness  and  considerateness  for  others,  were  combined  true 
dignity,  unimpeachable  honor,  and  a  keen  sense  of  responsibility  in 
all  that  he  did  or  said.  His  loss,  while  still  in  the  fullness  of  his 
powers,  will  long  be  painfully  felt  by  astronomers. 


Cambridge,  1891  May  in. 


CORRIGENDA. 


No.  240,  p.  187,  col.  1,  line  30,  insert  not,  at  beginning  of  the  line. 

p.  188,  col.  1,  line  15,    for    January  29,    put    December  29. 
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EPHEMERIS   OF   WOLF'S   PERIODIC   COMET, 

By  WILLIAM   BELLAMY. 


Mr.  Berberich's  elements,  which  were  published  in  no.  238 
of  the  Journal,  accord  very  closely  with  tin-  position  observed 
by  Barnard  at  rediscovery.     The  observation  of  May  ■".  i> 

1m -t  satisfied  by  a  correction  of  — 0'.3611  to  tin-  time  of 
perihelion  passage,  with  an  outstanding  error  (in  8)  O — C  of 

— 8". 3.  The  observation  of  May  4  is  best  satisfied  by  a  cor- 
rection of  — 0''.3685  with  error  in  8  of  — 2". 3.  There  is  a 
discordance  between  these  two  observations  of  about  12"  in 

a  ami  6i"  in  d.  To  retain  the  plane  of  the  elements,  and  ex- 
actly satisfy  the  mean  of  the  two  positions,  or  even  the  last 
one,  would  require  a  greater  change  in  the  radius-vector  than 
Beemed  warranted.  Neither  did  1  think  the  date  sullicieiit 
to  determine  a  probable  correction  to  tin-  plane  of  the 
orbit. 

I  have  reduced  the  major  axis  to  correspond  with  the 
shortening  of  the  period,  and  reduced  the  eccentricity  so  as 
to  keep  the  perihelion  distance  as  before,  retaining  the  plane 
of  the  orbit  and  the  liue  of  apsides.  These  give  the  follow- 
ing elements,  and  as  it  is  probable  that  they  will  give  the 
comet's  place  very  closely  during  the  whole  time  of  its  pres- 
ent visibility,  I  have  computed  a  careful  epbemeris,  in  the 
dope  it  may  be  found  useful  for  the  comparison  of  observa- 
tions and  tin1  formation  of  normal  places  in  the  computation 
mi'  a  definitive  orbit. 

Elements. 

c)  =   172°  49'  16".7  ) 
Q  =  206     22    if,  ..",     Mean  Eq.,  1891.0 
i  =     25     11    87  .1  J 

<p  =z     33°  51'  I6".56 
fl  =  520*\8125 
log  o  =  0.5558349 

T  =   1891  Sept.  3.45748  Gr.  M.T. 

K.ol    \  rOBl  \1.    COORDIN  LTE8 

x  =  I  9.9920630]  r  sine  I  106  58  36  .90) 
y  =  [9.9999804]  r  sin(«-r  16  52  19.52) 
i  =  [9.2780361  |  r  Bin(«+104      3    31  .86) 
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NEW  ASTEROID. 

An  asteroid  of  the  thirteenth  magnitude  was  discovered  by  Charlois,  at  Nice,  June  11.  in  the  position, 
1891  June  11.5633  Gieeuw.  M.T.,  a  =  17h  22m  53M,  8  =  —23°  10'  54". 

Daily  motion  in  right-ascension  — 56%  in  declination  0'. 
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OBSERVATIONS    OF    THE    ZODIACAL   COUNTERGLOW,  OR    GEGENSCHEIN, 

MADE   AT   MT.  HAMILTON   DURING   THE   TEARS    1888,  1889,  1890,  1891, 


By  E.  E.  BARNAKD. 


In  a  paper  in  the  Astronomical  Journal,  Vol.  VII,  p.  186, 
I  have  given  an  account  of  the  zodiacal  counterglow,  or 
Geg&nsehein,  with  sixteen  observations  of  its  position,  made 

al  Nashville.  Tenn.,  during  the  years  1883  to  1887  inclu- 
sive. 

During  the  years  1888  to  1891,  I  have  obtained  sixteen 
more  observations  of  its  position  here  at  Mt.  Hamilton. 
These  last  are  made  under  better  conditions  for  observation 
than  were  those  at  Nashville.  They  confirm  the  previous 
observations,  and  settle  quite  definitely  several  important 
facts. 

The  changes  of  form,  to  which  I  called  attention  in  the 
paper  above  referred  to,  have  been  amply  confirmed.  When 
first  seen  in  the  fall,  the  GegenscJiein  is  large  and  roundish. 
ami  does  not  seem  to  be  connected  with  any  zodiacal  bands. 
Later,  after  passing  01'.  it  becomes  very  much  elongated 
along  the  ecliptic,  and  is  connected  with  the  evening  and 
morning  zodiacal  light  by  a  narrow  zodiacal  band.  It  can- 
not be  seen  in  June  and  December,  because  in  those  months 
it  is  crossing  the  milky-way.  When  the  background  of  the 
sky  is  favorable,  however,  it  is  always  visible  here. 

The  GegenscJiein,  though  always  close  to  the  ecliptic,  does 
not  lie  in  it.  The  observations  prove  conclusively  that  it  is 
marly  always  seen  in  a  north  latitude.  It  is  possible  that 
this  may  in  part  be  due  to  atmospheric  absorption,  though 
the  observations,  extending  through  10°  of  zenith-distance, 
do  not  give  much  weight  to  this  suggestion.  It  is  a  ques- 
tion, however,  that  ran  only  be  settled  by  corresponding  ob- 
servations in  the  southern  hemisphere.  Parallax  would  tend 
ii.  gh e  it  a  southern  latitude. 

The  observations  also  prove  that  the  G  is  not 

always  exactly  180  from  the  sun.  There  is  certainly  an 
oscillation  of  a  degree  or  more  from  0+180°.  That  is. 
O  —  1-  is  not  a  constant  quantity,  there  being  a  tendency  to 

a  less  longitude  than    O  +   180   , 

In  some  cases  the  observations  have  been  made  three  or 
four  hours  from  the  meridian,  but  they  do  not  seem  to  shOTi 
any  positive  parallax  —  on  the  assumption  that  O — /.  is  a 
COQStant  quantity. 

I  have  suggested  in  my  previous  paper  {A.J.  VII,  186), 
that  the  phenomenon  may  be  due  to  some  abnormal  con- 
dition of  refraction  by  our  own  atmosphere.  There  are  a 
number  of  objection?-  to  this  theory,  but  it  might  be  well  to 
Consider  it  further. 

In  his  Mechanical  Theory  of  the  Corona,  as  published  in 

the  Lick  Observatory  Report  of  the  eclipse  of  1889  Dec. 
21-22,  Professor  Schasberle  has  pointed  out  that  a  phe- 
nomenon similar  to  the  observed  Qegenschein  will  lie  pro- 
duced  by   a   sy^leui   of   nearly    radial  luminous   lines   having 


the  sun    as   a   center  of  divergence.      The    center   of    the 

tcht  in  is  i vanishing  point  of  such  a  system  of  lines. 

while  the  center  of  the  solar  corona  is  the  nearly  diametri- 
cally opposite  vanishing  [joint  of  a  similar  system  of  lil 

These  lines,  he  claims,  produce,  in  perspective,  all  the  well 
kuown  coronal  forms.  Perhaps  sufficient  observations  have 
now  accumulated  to  test  one  or  the  other  of  these  theories. 

I  have  referred  to  the  zodiacal  band.  This  is  very  often 
present,  crossing  the  entire  heavens.  I'  is  usually:: 
to  4°  wide,  and  lies  along  the  ecliptic.  In  the  fall  it  is 
specially  distinct,  when  it  passes  between  the  Pleiades  and 
the  Hyades.  Farther  east  of  this,  its  junction  with  the 
milky-way  is  very  marked. 

Below  are  the  observations  of  the  '  made  here. 

These  I  have  also  converted  into  longitude  and  latitude  for 
comparison. 

They  have  been  made  with  the  greatest  care,  and  should 
have  great  weight  in  any  discussion  of  the  phenomenon. 

I  have  retained  the  form  of  the  table  given  in  A. J.  VII. 
186,  and  have  added  a  column  of  hour-angles,  +  indicating 
a  west  hour-angle. 

It  would  have  been  better  to  have  given  the  diffi 
/.— O,    instead  of  O  —  '■•    but   it   appeared    besl    to  conform 
to  the  previous  tabulation  to  prevent  confusion. 
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128.7    +2.1    17:'.:' 

Fell.      7.76 

9  36 

+  17.0 

140.7    +2.5    17911 

Feb.  25.79    10  17 

+  13.5 

155.4    +2.2    182.7 

Apr.  29.83    1  I  i'9 

—1  1.6  219.6    -  ".1    L80.6 

July  21.80  -Jo  li 

—  11'..",   .-.nil. 7    +0.6    17'.'. H 

Od.   23.83     1  53 

+  11.9 

30.5           -      - 

L890Mar.  11.71    11  29 

+   3.7 

171.1    —0.3      - 

—2.8 

L891  Apr.    .-..77    1 -J  is 

—      I.s 

198.1    —".■"•    176.2 

—1.5 

.  Apr.  30.72    1  l  •-'■". 

—12.8   218.0    +2.0    182.6 

May      2.75    1  1   10 

—13.4 

221.9    +2.1    180.7 

—  2.0 

- 

The  indiscriminate  mean   of   these  positions  of   the  ' 
schein  give 

O— 1=  180°.6, 
The  previous  observations  ( .1../..  Vol.  VII.  p.  18 
O  — ;.  =  180  .6, 
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The  following  notes  may  It  "i  value  in  interpreting  the 
phenomenon. 

L888  April  I.     A  very  diffused  Qegenschein  of  no  definite 

form.     The  present f  Wars  makes  it  difficult  to  be  more 

than  certain  of  its  existence.  tion  made  while  on 

:i  visit  here  before  the  opening  of  the  observatory.] 

1888  August  28.  For  the  pasl  few  nights  I  have  looked 
for  it ;  have  also  looked  for  it  quite  a  number  of  times  since 
April,  Inn  have  ii"i  been  able  to  sit  it  until  to-night.  It  is 
visible  now,  but  faint,  ami  seems  to  lie  very  diffuse,  with  a 
greater  depth  of  brightness  at  the  point  located.  It  is  about 
•jii    in  diameter.    There  is  no  Bign  of  zodiacal  bands. 

L888  September  l.  It  is  dense  to  the  eye,  but  very  ill  de- 
fined. Roundish,  v-gbM.  At  i  lb  there  is  a  faint,  hut  dis- 
tinct  zodiacal  band,  extending  from  the  east  to  the  Gegen- 
schein.     It  is  l    broad,  and  its  center  passes  8^°  south  of  the 

center  of  the  l'i<  iades. 

1888  October  30.     It   is  pretty  distinct,  10°  broad  by  15° 

lone',  extended  along  the  eeliptie.  A  distinct  zodiacal  band 
Connects  it  with  the  east  and  west  zodiacal  light.  The  hand 
i^  most  distinct  to  the  east.  It  passes  between  the  Pleiades 
and  the  Hyades,  and  is  about  3°  or  4°  broad.  It  is  not  so 
distinct  as  the  Qegenschein,  which  though  hazy,  is  quite  no- 
ticeable. 

1888  November  2.  The  Qegenschein  is  elliptical  cast  and 
west :  axes  2  X3  ;   10°X  15°. 

1889  January  23.  Diffused  and  elongated,  8°  or  10  wide 
by  12°  or  \~>  long.  The  presence  of  Saturn  and  Praesepe 
make  it  difficult  to  locate. 

1889  January  "-'7.  Rather  dim.  Its  form  cannot  be  made 
out,  because  of  Saturn  and  the  bright  stars. 

1889  February  7.     Roundish,  very  hazy  and  not  conspicu- 

Mt.  Hamilton,  1891  June  17. 


ous.     A  zodiacal  Wand  from  bin  izou  reaches  to  it. 

Probably  slightly  extended  along  the  ecliptic. 

1889  February  26  A  zodiacal  hand  from  the  east  horizon 
joins  the  Qegenschein,  and  north  of  Spica.     It  i- 

4°  wide.     There  is  no  hand  from  the  west  of   the  Qegen- 
schein. 

'/'/ i'7.  A  fairlj  strong  Qegenschein  just  east 
id'  the  Sickle.  Too  indefinite  to  locate  on  account  of  the 
bright  stars. 

1889  April  29.  Very  large.  Much  elongated,  l  >  - 
and  west.  Its  length  i.»  twice  tie-  distance  from  a  to  fi  2 
(=  18°).     Very  hazy  ami  ill-defined. 

1889  July  -1 .     Round  :  7°  or  8°  in  diameter. 

1889  October  23.  I'retty  Mrong  <;<  <i<i,s<-Ii,; „ .  Pretty  ex- 
tended v.v.,  gradually  brighter  in  the  middle.  First-cl  im- 
position. 

1,s:m i  Ma rch  11.  Very  hazy  ami  diffused.  Roundish,  quite 
noticeable,  6°  or  8°  in  diameter. 

1891  April3.  Large,  very  difficult  to  locate,  15  in  diame- 
ter. Somewhat  extended  along  the  ecliptic.  An  exceedingly 
hazy  zodiacal  band,  extending  from  it  east  and  west. 

1891  April  30.     Diffused   ami   hazy.     Much   elong 

Fair  observation. 

1891  May  2.  Very  hazy,  103  or  l.V  in  diameter.  A  dis- 
tinct zodiacal  band  passes  from  the  Qegenschein  to  the  zodi- 
acal light  in  the  west,  which  also  extends  to  tin-  Scorpion 
in  the  east.  This  band,  which  passes  dose  to  Saturn.  i> 
4°  or  5°  wide. 

I  hope  that  some  southern  observer  may  be  induced  to 
take  up  observations  of  this  remarkable  phenomenon,  as  it 
is  of  the  highest  importance  that  the  northern  latitude  of  the 
object  may  be  confirmed. 


THE   SOLAR  PARALLAX   AND   THE  MASS   OF    THE   EARTH, 


BT   A.    HALL. 


In  1872  LeVerrier  presented  to  the  French  Academy  of 
Sciences  an  interesting  article  on  the  masses  of  the  planets  and 
the  parallax  of  the  sun  (Comptes  Rendus,  Tome  75,  p.  165). 
He  concluded  from  his  investigations  that  the  time  had 
actually  arrived  when  the  mass  of  the  earth  to  be  used  in  the 
calculations  of  celestial  mechanics  should  be  derived  directly 
from  the  motions  of  the  planets,  and  no  longer  determined 
from  the  solar  parallax.  Inversely  he  concludes  that  the 
solar  parallax  should  be  determined  in  the  same  way  if  we 
could  be  sure  of  having  taken  into  account  the  actions  of 
all  the  celestial  bodies.  But  LeVerrier  bad  some  doubt  on 
this  point,  and  advised  that  the  velocity  of  light  should  be 
determined  again,  and  also  the  constant  of  aberration. 
Finally,  he  thought  that  the  transits  of  Venus,  to  be  of  much 
value,  should  be  observed  in  such  a  way  as  to  give  the  solar 


parallax  to  0".01.  The  solar  parallax  which  LeVerrier  de- 
duced from  the  mass  of  the  earth,  which  he  found  from  its 
action  on  the  planets,  is 

.t  =  8".866. 
His  formula  is 

i7  =  G08".79.  {/m 
where  m  is  the  mass  of  the  earth.  The  author  gives  no 
values  of  the  quantities  he  assumed  in  computing  the  co- 
efficient, and  I  have  never  been  able  to  quite  verify  it.  The 
formula  itself  follows  from  Kepler's  third  law,  combined 
with  the  expression  for  the  attraction  at  the  earth's  surface. 
These  give  the  equations, 

<<  a-  =  1  +  m 
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iu  which  the  mass  of  the  sun  is  taken  as  the  unit  of  no 
is  the  attraction  of  the  earth,  and  /■  its  radios  at  the  point 
attracted.  In  these  equations  the  values  of  m  are  really 
different.  In  the  first  equation  m  includes  the  mass  of  the 
moon  ;  tmi  in  the  last  it  denotes  the  mass  of  the  earth  alone  ; 
and  since  in  the  result  the  m  of  the  first  equation  may  be 
neglected  with  respect  to  unity,  it  is  the  mass  of  the  earth 
only  that  is  finally  used.  The  potential  of  the  earth's  at- 
traction contains  in  its  second  term  the  factor  sin*?  —  .',  ;  so 
that,  if  we  take  a  point  in  latitude  sine-  =  -y/j,  the  attrac- 
tion of  the  earth  is  very  nearly  like  that  of  a  sphere.  I  ha \  e 
recently  repeated  my  calculation  of  LeVerbieb's  formula 
with  various  values  of  the  constants  depending  on  the  figure 
of  the  earth,  including  those  found  by  Prof.  IIaukni  -• 
find  the  following  results: 


.7         609".49.  .         Bessel 

n  =  609".52  .      m  ,         Clarke 
7i  =  609". 51  .  < 
It  will  be  seen  that  the  coefficient  varies  but  little  with  the 
different   figures  of   the   earth,   ami   it   is   probable,  I   thiuk. 
that   there   is   a   small  numerical  error  in 
LeVekriek.      It  will  be  noticed  that  an  error   in   the  n 
the  earth  has  a  diminished  influence  on  the  parallax, 
the  logarithm  of  the  mass  is  divided  by  ■'). 

It  is  doubtful,  I  think,  whether  the  time  ha-  come  when 
the  mass  of  the  earth  can  be  determined  with  sufficient  ac- 
curacy from  perturbations  so  that  LeVerrier's  formula  can 
be  used  to  give  the  solar  parallax.  Hut  it  would  lie  interesting 
to  have  the  opinion  of  astronomers  who  a  i   i       on  the 

theories  of  Venus  and  .V 


1891  June  20. 


OBSERVATIONS   OF    T  AXD   U MONOCEROTIS,  1890-91, 

By   l'Al'I.  S.   YEXDELL. 
T  Honocerotis.  t '  M 

Thirty-four   observations    ol  .    from   1890 

Dee.  9    to    1891    April   13,  show    three    rather    indefinitely 


From  1890  <  >ct.  13  to  1891  April  26,  I  obtained  fifty-eight 
observations  of  this  variable.  From  the  singlecurve  plotted 
from  these,  seven  maxima  and  two  minima  are  deduced,  as 
follows  : 


marked  maxima,  and  two  more  definitely  indicated  minima. 
The  star  has  been  very  faint  during  the  whole  season.  The 
observed  times,  with  the  estimated  magnitudes,  are  as  fol- 
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NOTES  ()X   THE  DOUBLE   STARS  OF   THE    URANOMETRIA   ARGENTINA, 

I'n    S.   W.  BURNHAM. 


Referring  to  the  measures  by  Prof.  Glasenapp  of  some  of 
the  stars  noted  as  double  in  the  Uranometria  Argi 
given  in  no.  211  of  the  Astronomical  Journal,  I  have  made 
some  notes  relating  to  previous  observations  of  these  stars 
which  may  be  of  interesl  in  connection  with  the  recent 
measures.     They  refer  to  the  stars  within  — 31°  decl. 

1.  This  pair  was  discovered  by  HoWE  at  Cincinnati  in 
1875,  and  will  be  found  in  no.  1  of  the  publications  of 
the  Cincinnati  Observatory.  The  distance  and  angle 
wen1  only  estimated. 

2.  This  slar,  which  was  noted  as  single  by  »  •  I  LSI  N  IPP  on 
three  nights,  is  certainly  not  double.  1  have  examined 
it  once  with  the  12-inch  when  the  conditions  were  favor- 
able, and  the  star  was  absolutely  round,  and  later  with 
the  36-inch  with  the  same  result.     A  distance  of  0".2 

would    have    been    noticed.      There    are    no    faint    stars 
within  reasonable  limits. 


1". 


My  measures  in  1889  of  both  companions  will  be  found 
in  A.N.  -J'.'.'il.     The  two  sets  of  measures  are  .■ 
agreement . 
This  star  was  suspected  by  Glasenapp  to  be  a  close 

pair  on  one  occasion.  With  the  12-inch  refractor  it  is 
perfectly  round  and  without  a  trace  of  any  second  star. 
This  was  discovi  red  by  How  r  in  1876  at  the  t  incinnati 
Observatory.  Distance  and  angle  estimated. 
This  is  a  very  old  pair  (=  SI).  240),  of  which  there 
are  many  measures,  commencing  with  the  observations 

of  Sooth  and  Hebs<  hi  i    in    l  823.      1 '.    - 

made   the  distance   about    1"  more   than   it    is  now,  but 
the  later  measures  do  not  show  any  substantial  C 
My  measures  in  1880  are   almost  exactly  identic! 
those  of  Gl  vskn  ipp. 

This  pair  was  discovered  by  Stow    in  1877  at  t 
nati.     The  measures  at  that  place  gave 
I  >  7  7 . .".  lv   .8 
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Thia  ia  also  one  of  the  old  pairs  (Sh.  264  \.  My  dis- 
covery in  thia  ( ection  (0639)  ia  not  the    16"  pair 

noted  by  Gould,  and  measured  by  Glasenapp,  but  ia 
the  duplicity  of  the  principal  Btar  of  thia  wide  pair. 
That  component  was  found  with  the  Chicago  18£-inch 
to  be  a  very  close  double,  and  it  may  be  in  rapid  mo- 
tion.    The  following  are  all  the  measures:  — 


1878.66 


155.3 
137.9 


0.57 
0.35 


s,,. 


2  m 


The  measures  of  the  wide  pair  are  nol  very  accordant, 
i. hi  mi  the  whole  indicate  no  material  change. 
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1  1     10 

25  84 
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Hydrae  387 

l  l    18 

—•J  7  26 

Dup.  1.8  .  . 

7 

Libra*  56 

1 5     6 

—24   50 

Dup.  6.3  .  .  8 

8 

Lupus  78 

15   10 

—■-".i    11 

1)11,,.  1.7  .  . 

9 

.Si'i-jiriis  Hi  1, 

18    19 

+    70 

Dup.  7  .  .  %\ 

10 

Aquarii  i'l  1 

23     ■'! 

— 21    .".1 

Dup.  3.7  .  .   10 

The  smaller  component  of  the  wide  pair  has  a  minute 
attendant  about  1"  distant,  which  1  noted  with  the 
Washington  refractor  in  1874.  This  companion  has 
not  been  measured. 

II.  This  was  discovered  byHERSCHEL  I.  It  was  described 
as  belonging  to  Class  II,  but  not  measured.  There  is 
an  error  of  10'  in  the  declination  as  given  by  Herschel 
II.  It  is  noted  "duplex"  in  Oe.  Argel.  The  only 
measures  are  by  the  Harvard  observers  in  1863,  and 
by  the  Cincinnati  observers  in  1*77.  There  is  no  evi- 
dence of  any  change. 

All  of  the  stars  noted  as  double  in  the  Uranometria  Argen- 
tina, which  are  within  .".l  of  the  equator,  arc  to  be  found  in 
sonic  of  the  various  double  star-catalogues,  with  the  ex- 
ception of  the  ten  stars  noted  below.  Two  of  these  are 
referred  to  in  the  preceding  notes  to  the  stars  observed  by 
(  Sxasi  n  lpf  as  n'os.  2  and  (J  of  that  list. 

Lick  Observatory,  1891  June  1. 


I  have  examined  all  but  three  of  these  stars,  and  have 
found  them  all  single.  The  following  are  notes  of  the  ob- 
servations :  — 

3.  No  near  -.tar:  good  definition.     The  nearest  in  the  field 
is  a  10-11"  star,  88"  distant,  in  the  direction  of  195 
Of  course  this  is  too  far  off  to  in-  referred  to  ill  the 
meridian  observations. 

4.  This  is  No.  2  of  the  stars  referred  to  in  the  preceding  notes. 

5.  Single;    line  seeing.     The  nearest  star.  9-10",  is  dis- 
tant 62"  in  the  direction  of  322°.     The  description  in 

I'. A.  applies  fairly  well    to  Sh.    184,  which    is  •_""  /i.  and 
35'  n,  but  that  is  noted  as  double  in  the  propel   place, 
ii.     No  companion  of  any  kind,  and  large  star  round  with 
all  )io\\  ers. 

7.  Appears   perfectly   round,    ami    no   star   near  enough   to 

be  worth  noticing. 

8.  This  is  No.  G  of  the  preceding  notes. 

9.  Absolutely  round  with  the  36-inch.     Fine  seeing. 

It  will  lie  well  to  examine  the  remaining  stars,  Nos.  1,  2 
and  10,  but  it  is  not  probable  that  double  star  observers 
have  overlooked  among  the  bright  stars  anything  which 
would  be  noticed  with  meridian  instruments. 


TRANSIT   OF   MERCURY  1891  MAY  9. 


REPORT     OF     THE     OBSERVATIONS 

By  CHAKLES 

The  observations  were  made  with  the  six-inch  refractor 
Dg  to  this  observatory;  focal  length  eight  feet ;  mag- 
nifying' power  used.  200;  manufacturers,  T.  Cooke  &  s»n>, 
York,  England.  I  used  the  filar  position-micrometer,  and 
set  the  transit  thread  at  that  part  of  the  sun's  disc  where  the 
contact  would  occur.  The  day  here  was  beautifully  clear 
from  sunrise  until  sunset.  The  image  of  the  sun's  disc  was 
sharp  and  distinct  until  about  half  an  hour  before  the  time 
for  the  first  contact,  when  it  became  unsteady,  and  gradu- 
ally grew  worse,  so  that  the  contacts  were  observed  under 
only  moderately  fair  circumstances.  Time  was  recorded  on 
a  chronograph  connected  with  the  sidereal  clock,  and  subse- 
quently corrected  for  clock-error,  and  reduced  to  Greenwich 
mean  time.  There  were  noted  at  this  time  two  groups  of 
sunspots,  and  one  single  spot.     Of  the  two  groups,  one  was 


MADE     AT     VAXDERBILT     UNIVEHSITY, 

L.  THORNBURG. 

north  and  the  other  south  of  the  sun's  equator  ;  but  both 
were  about  half  way  across  the  disc.  The  northern  group 
was  composed  of  small  spots,  while  the  southern  one  had  a 
flue  large  spot,  with  several  smaller  ones  north  of  it.  The 
single  spot  was  north  of  the  equator,  and  near  the  eastern 
limb.  About  a  minute  before  the  predicted  time  of  begin- 
ning I  began  to  look  steadily  for  the  contact,  and  on  per- 
ceiving what  I  suspected  to  be  the  touch,  immediately 
pressed  the  button.  A  few  seconds  more  proved  this  record 
to  be  correct.  During  the  time  between  the  first  and  second 
contacts,  frequent  examinations  were  made  of  the  appear- 
ance of  the  planet  and  disc,  but  nothing  striking  was  ob- 
served, save  the  gradual  increase  in  the  black  circular 
segment,  eaten  from  the  sun's  bright  disc. 

Near  the  time  of  second  contact.  I  rested  my  eyes  for  a 
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moment,  and  tlien  began  to  look  steadily  for  the  first  silver 
line  around  the  black  disc.  This  was  difficult  to  determine, 
owing  to  the  unsteadiness  of  the  image,  lint  when  sure  of 
thr  contact  I  made  the  record.  The  following,  expressed  in 
Greenwich  mean  time,  are  the  observed  times  of  the  con- 
tacts : 


1    External  contact  at  il 
II  Internal  contact  at  ing 
The  observatory's  position  is 


11   5:; 

li   57  43.4 

f  =  ~ 

/.  =  +  5h47m  12\2 


The  American  Ephemeris  gives  the  sun's  latitude  referred 
to  the  ecliptic  of  date.  It  is  more  frequently  wanted  re- 
ferred to  the  ecliptic  of  Jan.  0.  The  following  table  gives 
the  reduction  from  one  to  the  other.  The  dates  may  be 
taken  =  Greenwich  time  without  correction,  without  involv- 
ing an  error  of  more  than  0".01  during  the  next  fifty  years. 
Or.  if  we  take  for  any  year  the  Greenwich  time  when  O  =  3f, 
and  subtract  from  it  Sept.  16.40,  the  remainder  will  be  a 
correction  to  apply  to  all  the  dates  of  the  table  to  obtain  J2 


A   TABLE   OF  THE   SUN'S   LATITUDE, 

By  WILLIAM  BELLAMY. 

correct  to  0".001  or  0". 002  for  the  ecliptic  of  Jan.  0.0  of  that 
year.     This  supposes,  of  course,  that  the  data  of  Stkuve 
and  Peters  are  correct. 
table  are  as  follows : 

Log.  eccentricity  of  Earth's  orbit. 

Log.  change  of  inclination  in  1  day. 

Earth's  perihelion  —J/. 

Earth's  mean  anomaly  Jan.  0.0, 


The  values  used  in  computing  the 


7.1 107 
358°  30' 


Date 


JS 


Date 


J  2' 


Date 


Sept 

18.3 

—0.005 

2  2. 'J 

.015 

28.1 

.025 

Oct. 

4.2 

.035 

12.1 

.045 

26.8 

.055 

Nov. 

8.5 

.055 

24.0 

.04.". 

Dee. 

3.7 

.035 

11.8 

.025 

19.5 

.015 

27.1 

—0.005 

Jan. 

0.0 

Epoch 

■1.1 

+  1  I.I  Ml.-, 

13.2 

.015 

25.9 

.112.", 

Feb. 

2(1.2 

.025 

Mar. 

3.5 

.015 

10.9 

+    .005 

17.0 

—  .005 

22.2 

.015 

27.0 

.02.", 

31.4 

.035 

Apr. 

4.6 

.0  1.", 

8.6 

.li.",:, 

12.1 

.06  i 

16.2 

.07.", 

L9.9 

.IIS.", 

23.5 

27.1 

.  1 I 15 

30.6 

.  1  1  ."> 

May 

4.8 

.12.", 

7.9 

.  l :;.", 

L1.5 

.1  l.", 

15.4 

.  l .",.", 

11). 4 

.165 

23.5 

—0.175 

Mav 


June 


Julv 


Am 


Sept. 


23.5 

—0.17.", 

27.:' 

.185 

1.6 

.195 

7.0 

.20.", 

13.4 

.21.", 

22..", 

.22.", 

1  1.:; 

.22.", 

22..") 

.21.", 

28.1 

.205 

1..", 

.1:1.", 

5.4 

.185 

8.8 

.17.-) 

12.0 

.165 

14.9 

.  1 5 .', 

17.6 

.1  1.", 

20.2 

.  1 : :  5 

22.6 

.  1 25 

25.0 

.115 

27.2 

.105 

2:i.l 

.095 

81.5 

.085 

2.;, 

.07.", 

4.5 

.065 

0.1 

.055 

8.3 

.045 

111.2 

.085 

12.11 

.025 

1.1.7 

.015 

1  •", . .", 

-    .005 

17.2 

•     .005 

19.0 

.015 

20.6 

.025 

22..", 

.035 

28.9 

.045 

25.6 

.055 

27.2 

.065 

28.8 

1  0.075 

Sep1 

28.8 

+  0.075 

30.4 

.IIS.", 

Oct. 

2.0 

.095 

3.6 

.in: 

5.2 

.11:, 

6.8 

.12:, 

8.3 

.12,:, 

9.9 

.145 

11.4 

.155 

13*.0 

.165 

ll.i; 

.17.", 

10.1 

.185 

17.7 

.1'.'.", 

19.3 

.2i'.', 

20.9 

.21.", 

22.:, 

.22.", 

21.1 

.235 

25.7 

.2  1.", 

27.4 

.255 

29.0 

.20.", 

80.7 

.2  7.", 

Nov. 

1.4 

.2  s.-, 

3.1 

.295 

1.:' 

.:;n.", 

6.7 

..",1: 

.."■2.". 

10.4 

..",:;.", 

12.2, 

.845 

14..", 

.",:,:, 

16.4 

18.5 

..",7.". 

- 

23.1 

..". '.'.", 

25.6 

.1".", 

2s.  1 

.11:, 

Dec. 

1.8 

.425 

4.7 

4-0.485 

Dec. 


Jan. 


Feb. 


4.7 
8.6 
13.9 

8.3 
12." 
15.1 
17.!> 
20.3 
22.6 

28.5 

.".".2 

31.9 
2.6 
4.2 

.",.7 
7.2 
8.6 
10.0 
11.4 
12.7 
1  l.o 
1 :,..". 
16.6 
17.s 
19.0 
20.2 
21.4 
22.0 

27.1 

2:'..". 


jr 

- 

.445 
.455 
.455 
.445 
.435 
.425 
.415 

- 
..",7.", 

.:;.",.", 
.::).", 
.2,.",.", 
.825 
.315 

.2:'.", 
.285 
.2  75 
.265 

.2.",.", 
.2  15 

.22.". 
.21.", 

.1'.'.". 
.185 

.17.", 
.10:, 

.  1 :,:, 

.14.-. 

.  1 .".:, 

+0.125 


sun'-  latitude  for  ecliptic  of  date    +J27  =    Sun's  latitude,  ecliptic  of  epoch. 

if  thr  epoch  is  January  0.0  of  a  leap  year,  add  1  day  to  nil  datea^of  the  table  prior  to  March  ;'•. 
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NEW    ASTRONOMICAL    WORK. 


IChtWlr 

genam  Pulkouiaer  Meridiankreise,  von  II    Romberg,     si.  Peters- 
j    L891.    142  pp.  royal  tto. 

This  catalogae  forms  the  second  in  the  series  of  secondary  cata- 
logues founded  u] tbservatlons  with  the Bepsold  Meridian  circle 

and   Inter Hate   with   the  epochs  of  the  well  known  Btandard 

rues  of  Pulkowa.    The  subjects  of  observation  In  the  present 

rue  are  double  stars  In  ueed  of  reobservation,  stars  for  which 

proper  motion  has  been  computed  bj   Irgelander  and  others,  the 

•:,', rni  of  the  I  ■<  of   At  \\  ens,  and  many 

others,  — chteflj  those  of  interest  on  act nt  of  previous  use  In  ireo- 

detlc,  mlcrometric,  or  photometric  work.  The  greater  part  of 
these  stars  received  )it  least  two  observations  In  each  of  two  po- 
sitions of  the  circle;  those  which  received  less  than  this  number 
are,  for  the  most  part,  of  minor  interest.  The  whole  number  of 
observations  is  above  S2000,  and  of  these  10000  refer  to  standard 


stars.  The  catalogue-positions  in  both  coordinates  an  rigorously 
differential,  ami  are  based  upon  the  Pulkowa  Standard  Catalogue 
for  1865.  The  anal  probable  error  of  one  observation  is  found  to 
I..-,  tor  tin-  standard  stars  ±0".088  (reduced  to  the  equator  and 
±o".:;i,  —  for  slurs  between  magnitudes  7  and  10,  ±0*.06]  and 
Values  of  the  proper  motions  as  ascertained  by  Ari  i  i- 
vm'i.i;,  Auwkrs,  and  occasionally  by  others,  are  printed  in  the 
columns  of  the  catalogue,  and  these  are  employed  In  the  reduction 
I  to  the  epoch  of  the  catalogue ;  others  are  given  in  notes  at  the  foot 
of  the  page.  Tables  near  the  end  of  the  Introduction  exh 
suits  of  comparisons  between  this  catalogue  and  Pulkowa  1866,  the 
Fundamental- Cataloy  of  Auwirs,  1>  •  Unatiom  of  Fixed  Stan  bj 
BOSS,  Position*  "<'  .  1830,  and  Greenwich  1880.  The  pri- 
mary object  sought  in  the  reductions  has  been  practically  attained, 

since  there  appears  to  be  no  appreciable  systematic  difference  be- 
tween the  final  positions  of  this  catalogue  and  those  of  Pulkowa 
18G5. 
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ADVERTISEMENT. 

A  volume  of  the  Astronomical  Journal  eonsiaterot  twenty-four  numbers,  with  table  of  contents  and  alphabetical  index. 
The  price  of  subscription  is  $5.00,  payable  in  advance,  to  which  is  to  be  added  the  expense  of  postage,  when  the  address 
is  to  countries  not  in  the  international  postal  union. 

Some  copies  of  earlier  volumes  are  still  remaining,  and  all,  excepting  the  first  three,  may  be  obtained  at  the  same  price. 
Single  numbers,  when  available,  will  be  furnished  at  $0.25  each,  but  only  for  the  purpose  of  completing  sets. 

No  discount  is  made  to  booksellers  ;  but  remittances  can  be  conveniently  sent  by  postal  money-order  to  the  Editor,  at 
Cambridge,  Massachusetts.  If  made  by  checks,  it  is  requested  that  these  be  drawn  upon  some  bank  in  the  New  England 
Slates,  or  in  the  cities  of  New  York.  Philadelphia,  Washington  or  Chicago. 
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THE    SECULAR    PERTURBATIONS    OF    THE    EARTH    PRODUCED 

ACTION    OF    MAR8, 

By  A.  HALL,  Jr. 


in     THE 


On  account  of  the  slow  convergence  of  the  series  which 
express  the  secular  perturbations  of  the  Earth  by  Mars,  it  is 
desirable,  us  pointed  out  by  Mr.  G.  W.  IIii.i.  (p.  511,  Vol. 
IV,  Astronomical  Papers  of  the  American  Ephemeris),  that 

these  perturbations  should  be  computed  by  Gauss's  method, 
and  I  have  so  determined  them. 

In  this  method  the  mass  of  the  disturbing  planet  is  sup- 
posed to  be  distributed  along  its  orbit  so  as  to  form  an  ellip- 
tic ring.  Call  m'  the  mass  of  the  disturbing  planet,  7"  the 
periodic  time,  v'  the  true  anomaly,  and  dn'  the  quantity  of 
matter  along  ds',  an  element  of  the  rin<i .  then  the  law  of  dis- 
tribution is 

d>'  _  <lt  _  dv' 

m7  ~T~'  —  2» 

The  attraction  of  this  ring  on  any  point,  which  is  em- 
ployed in  representing  the  secular  perturbations,  can  be 
expressed  by  elliptic  integrals,  and  so  be  made  as  accurate 
numerically  as  we  please.     Then  we  have  to  integrate  around 


the  orbit  of  the  disturbed  planet.     This  integration 
formed  by  quadratures  with  reference  to  the  eccentric  anom- 
aly.    In  the  solar  system  we  i_ret  very  accurate  results  by 
taking  the  average  of  twelve  values  equally  distributed. 

In  these  computations    I    have   followed    Mr.  Hn.i 
Gauss's  Method  of  Computing  Secular  Perturbations."  in  Vol. 
I  of  the  Astronomical  Papers  of  ' 
See,  also,  Tisserand,  Mic.  Gil.  Tome  I.  Chap.  XXVII. 

The  perturbations  determined  here  are  of  the  first  order 
with  respect  to  the  disturbing  forces. 

Since  in  the  case  of  the  oil.it  of  the  Earth  the  inclination 
is  zero,  and  the  node  is  indeterminate,  we  introduce  in  the 
place  of  i  and  Q,  the  two  variables, 


p  =  sin  i  >in  Si 


o  =  sin  '  cor- : 


Then  we  have  the  following  formulas  for  tin  Becular  per- 
turbations, the  unit  of  time  being  the  year.  The  accented 
letters  refer  to  the  disturbing  body. 


=    -t_      cos  c  .  .l/,;    sin  c  .  H„+  (cos  r  +  vosE)Stl 

e  \  -r\    =   — —  cose .  Mk    — cos  v. H„+[ —  +  l  )sin     s 

\_dt  J,K,         \+m  vacos"f       / 

>.,-::„, ,.*[-.<.-^.r.] 

[31=  nk '■*■•! —'■"-] 

[Sl-^<-i*]-- 'f[51«-iM 

Ms  denotes  the  average  of  values  taken  with  respect   to  and  in  the  plane  of  the  orbit,  positive  in  the  direction  >.>\ 

the  eccentric  anomaly.     If  B  denote  the  component  of  the  motion;  and   IF  the  component  perpendicular  to  the  plane 

disturbing  force  in  the  direction  of  the  radius-vector  drawn  ^(  the  orbit,  positive  northward ;  then  we  have  the  follow- 

from  the  sun  to  the  disturbed  body,  positive  outward  from  bag  values  for  /.'  .  S  .  and  li"  : 
the  sun  ;  ,s  the  component  perpendicular  to  the  radius-vi 
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7,',,  =    !     ('  '"',   AM—'  cobE 
'In  J 

1    f  2!  8(1—* 

-'.7  J     ,  //« 

=  v    f  '  ,  W(l— e' cob  E')dE' 

2nJ  „  »< 


H' 


For  1850  Jan.  1.0,  the  elements  of  the  /■.'<< /-i7/  :ui<l  Mars 
are  as  follows,  being   taken  from   LeVerrier,  except   the 

miIiics  of  the  masses  : 


Earth 

Mars 

/. 

100  47  3.955 

L' 

83  40  31.33 

- 

100  21  U.945 

n' 

333  17  53.67 

Q 

indeterminate 

Si' 

18  28  53.1 

t 

0    0    0 

i' 

1  51  2.28 

e 

0.01677106 

e' 

0.09326113 

// 

1295977".448 

n' 

689050".818 

a 

1. 

a' 

1.523691  1 

in 

3,-V-(,-0(Tisski:am») 

in' 

iSOfl&feOO  (Hall) 

We  have  for  the  auxiliary  quantities  which  depend  upon 
the  elements  of  the  two  orbits. 

1=     l°51    2.28         iT=127Y21.52    log  #=9.9999851 

77  =  51  57  48.84         7f=127  4  15.01     log  C=8.3051954 
7Z'=284  54    0.57     logfc  =9.9997884  (7=0.02019275 

Then,  taking  on  the  circumference  of  the  Earth's  orbit 
twelve  points  equally  distributed  with  respect  to  the  eccen- 
tric anomaly,  we  can  tabulate  the  quantities  to  be  computed 
for  each  of  these  points.  We  can  judge  whether  the  compu- 
tations are  performed  correctly  from  the  fact  that  for  any 
quantity  the  sum  of  the  values  for  the  first,  third,  fifth,  &c, 
that  is  for  the  odd  points,  should  be  equal  approximately  to 
the  sum  of  the  values  for  the  even  points.  These  sums  are 
given,  sometimes  for  the  logarithms,  and  sometimes,  when 
the  numbers  are  small  or  change  sign,  for  the  numbers  them- 
selves, and  are  denoted  by  S  and  V. 


E 

log  r 

V 

A 

log  B 

< 

los? 

0° 

9.9926546 

o  o  o!oo 

3.1200700 

0.1378485 

119  57  11.91 

8.4563620 

30 

9  9936459 

30  29   2.41 

3.0340942 

0.1146847 

154   0  14.06 

7.8181272 

60 

9.9963428 

60  50   8.59 

3.0259207 

0.1125996 

189  11   15.15 

6.9368224 

90 

0.0000000 

90  57  39.44 

3.0978421 

0.1324566 

223  32  45.39 

8.2464664 

120 

0.0036266 

120  49  43.49 

3.2306386 

0.1651652 

255  41   10.19 

8.6081340 

150 

0.0062624 

150  28  37.29 

3.3886759 

0.1992628 

285  21  32.40 

8.6721320 

180 

0.0072232 

180   0   0.00 

3.5295057 

0.2263739 

313   2  57.84 

8.4854992 

210 

0. .2624 

209  31  22.71 

3.6153404 

0.2417704 

339  29  22.24 

7..S778120 

240 

0.0036266 

239  10  16.51 

3.6232331 

0.2433095 

5  27   1.42 

6.74  71 14* 

270 

0.0000000 

269   2  20.56 

3.5511711 

0.2307081 

31  42  26.56 

8.2078912 

300 

9.9963428 

299   9  51.41 

3.4185152 

0.2055361 

59   3  14.38 

8.5828900 

330 

9.9936459 

329  30  57.59 

3.2607587 

0.1719520 

88  16  27.03 

8.6487052 

S 

19.9478833 

1.0908328 

942  22  50.89 

0.1394435 

S1 

19.9478824 

1.0908346 

1122  22  47.68 

0.1394435 

E 

h 

I 

O 

<?' 

©' 

6 

o      t                 tt 

0 

2.3106212 

0.7892560 

2.3024121 

0.8127486 

0.0152835 

3 

6  42  23.55 

30 

2.3046900 

0.7092114 

2.3028975 

0.7149991 

0.0039953 

3 

3  56  11.98 

60 

2.3029436 

0.7027842 

2.3027089 

0  7035526 

0.0005337 

3 

3  33  57.19 

90 

2.3070246 

0.7706248 

2.3020211 

0.7853843 

0.0097561 

3 

~>     54  25.91 

120 

2.31  10156 

0.8964302 

2.3014715 

0.9279674 

0.0189931 

3 

)  42  13.95 

150 

2.3180582 

1.0504250 

2.3017386 

1.0855561 

0.0188115 

4 

3  37   8.69 

180 

2.:;  148518 

1.1944612 

2.3028698 

1.2173526 

0.0109097 

4 

3  46   6.67 

210 

2.3070842 

1.2880634 

2.3038590 

1.2938207 

0.0025321 

J 

i     33  55.97 

240 

2.3038215 

1. -.".lit  2 188 

2.3035801 

1.2996468 

0.0001866 

4 

3  41  23.19 

270 

2.3088201 

1.2221582 

2.3023303 

1.2343273 

0.0056793 

4 

"   8  13.03 

300 

2.3151389 

1.0831835 

2.3014891 

1.1117907 

0.0149575 

4' 

I     13  17.00 

330 

2.3157276 

0.9248382 

2.3016743 

0.9590665 

0.0201750 

4( 

)  29  53.29 

S 

13.8613926 

5.9653339 

13.81  15315 

6.0730587 

0.0608641 

24: 

i  39  21.55 

8' 

13.861402.7 

5.9653230 

13.8145208 

6.0731540 

O.0CO9493 

24$ 

I  39  48.87 
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E 

I...-  V; 

^  r 

log  n 

tog  P 

- 

0° 

0.147 

0.4656226 

12212 

9.58; 

9.3211710 

9.61 

30 

0.1244846 

0.4356742 

i79936 

72353 

9.2768547   :>.:,0220i5 

60 

0.1215384 

0.4318971 

0.35  ; 

;  >7i  n 

9.2779321 

9.5621715 

_ 

90 

0.1  109012 

0.456 

0.3812866   9.5949822 

9.3237505 

9.61! 

9.6101371 

L20 

0.17' 

0.5016599 

0.4310892   9.6352639 

9.4057738 

17781 

150 

0.2188646 

0.5549656 

0.4898254 

L80 

0.2580295 

0.6035476 

0.5431073   9.7259931 

9.9047785 

210 

0.2826210 

0.6337937 

0.5761583   9.7 

36743 

9.96! 

14270 

240 

0.284!  -  - 

0.6359569 

0.5785185   9.7479812 

140612 

10210 

270 

0.2629317 

0.6095926 

0.5497204   9.7180753 

9.6011927 

300 

0.2259903 

0.5638432 

0.4995797   9.6714425 

9.5056411 

9.8(%3C2 

330 

0.1844814 

0.5118812 

0.4428737    9.6230222 

32354 

9.6995619 

9.695W5 

5 

1.21  1- 

3.2025273 

2.7973127   3.9370561 

2.7704760 

4.5498152 

■  4163 

1  S' 

1.2112845 

3.2025676 

2.7973580   3.9370643 

2.7704941    4.5498534 

4.5364330 

E 

log  Jx              log  ./_• 

•log./         logF: 

log  F, 

Log  I: 

log  > 

0° 

0.3645956 

9.0425063 

8.7910839   r»9.4089546 

,.:.:■• 

6 1950 

n7.952 

30 

0.3623091 

8.7255920 

8.8857963   »9.0898372 

?,("). 71  1  .",.",77 

9.3193340 

„7. .",'.'10153 

60 

0.3617160 

.'•.7065 

8.8589374   8.6491848 

R6.7431528 

9.3225043 

7.2338 

90 
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n8.9361226 

8.6921251    9.3040068 
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n9. 121 8455 

8.1432558   9.4848406 
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8.2133283 
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9.4632.",:;  7 

n8.1114497 

330 
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9.1 406069 
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- 

S 

2.1820928 

—0.0114063 

+  0.0207247  +0.026-2429 

—0.0306232 

2.6240626 

+  0.0032322 

S' 

' 

2.1821105 

—0.0114063 

+  0.0207246  +0.0262431 

—0.0306233 

2.0240861 

+0.0032258 

E 

log  11-, 

7.',,  sin 

—if,,  <•„*  c 

4.  ,<  ( r. u  i  Vin  h 

ii 

sin  b  +  tt) 

TF„cos(r  + 

_.,  ' 

<f          1 

0° 

8.3809034 

— 0.017C 

118    —II.  22211726 

+ 

0.0236463 

-0.0043285 

—0.431 

30 

8.445584  I 
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+ 
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60 
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897    —0.0994229 
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90 
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+ 
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+ 
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+ 
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—0.0565446 
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—0  332' 
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-  178 

—0.0353178 

— 0.60 
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—0.266 
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—o.  1191113 
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8.1145834 

—0.148, 

)838 

—0.2032331 

4 

0.0122245 

+0.0044789 
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S 

— 0.0591  "77 
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- 

0.0908160 

030612 

—.",..", 

S' 
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+ 
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Taking  one-twelfth  of  the  Bum  of  each  of  the  last  five     have  as  values  of  the  secular  perturbatioi 
columns,  and  substituting  in  the  differential  equations,  we     Julian  year, 
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r^l  =  +8016592".  m' 
r'1' I  =  +  19626".26  to' 
\dt\  =  — 22268"-37  '" 

L*JL~  L*l 

[^=-724626».58W' 

Substituting  the  assumed  value  of   »<■',  ■jinrl'SiJS'  *n  l'je 
:i • " >\  '■  values,  we  have 

.v.m'h'  Observatory,  1891  ./»'//  7. 


-     =   +0".975188; 

■'  I 

j  0". 13444 

Mr  -™ 

VI  =  — 0".2S42416 
Mr.  Hill,  in  investigating  the  motion  of  the  plane  of  the 
ecliptic  has  computed  by  infinite  series    —     and 

using  the  same  value  of  to',  bo  that  his  results  are   com- 
parable with  the  above.     He  finds 

[11=  +""■ "w 
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ON   CHRONOLOGY  AND   ECLIPSES. 


By  JOHN  N 

1.  In  several  numbers  of  the  last  volume  of  this  Journal 
I  have  contributed  the  results  of  my  studies  in  regard  to  the 
rectification  of  chronology  by  means  of  ancient  eclipses.  I 
have  since  continued  these  studies  during  my  intervals  of 
leisure:  not  only  for  the  purpose  of  verifying  and  con li lin- 
ing the  correctness  of  my  analytical  theory  of  the  secular 
variations  of  the  moon's  motion,  but  also  for  the  purpose  of 
throwing  additional  light  ou  those  chronological  questions 
which  are  more  or  less  intimately  associated  with  astro- 
nomical phenomena.  In  the  present  communication  I  have 
given  the  comparison  of  my  calculation  of  an  eclipse  of  the 
sun  with  the  observations  of  the  same  phenomena  by  an 
Arabian  astronomer  of  Bagdad,  in  the  ninth  century  of  our 
era:  and  have  also  availed  myself  of  this  occasion  to  reply 
to  the  criticisms  of  Mr.  W.  T.  Lynx,  which  recently  ap- 
peared in  the  June  number  of  The  Observatoni. 

2.  In  his  Researches  on  the  Motion  of  the  Moon,  Professor 
Nkwi  omb  has  given  a  discussion  of  twenty-live  eclipses  ob- 
served  by  the  Arabians  during  the  ninth  and  tenth  centuries. 
The  observed  and  computed  times  are  given  in  tabular  form 
on  page  •">'-'.  The  first  is  an  eclipse  of  the  sun,  observed  at 
Bagdad  in  the  year  829  A.D.  Nov.  29  ;  and  the  local  mean 
time  of  beginning  and  ending  was  determined  by  means  of 
the  sun's  altitude.  From  the  records  of  the  observations 
Profes  or  Newcomb  has  determined  the  local  mean  time  of 
beginning,  to  be  19h33'"  44!;  and  the  time  of  ending 
._>,;,  L,  r.r.  24".  The  local  times  of  beginning  and  ending  as 
calculated  by  means  of  Hansen's  tables  of  the  sun  and  moon 
were  18''  -17'"  50s  and  21h  6"'  26s.  The  calculated  time  of 
beginning  is  therefore  45"'. 9,  and  of  ending  18m.O,  earlier 
than  the  observed  time.-    Now  the  sun  must  have  riseu  at 
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Bagdad  at  18h  51m  18";  and  the  calculated  time  of  begin- 
ning of  the  eclipse  was  therefore  3i-  minutes  before  sunrise. 
On  this  subject  Professor  Newcohb  remarks  as  follows:  — 
"The  tables  show  that  the  eclipse  began  at  or  before  sun- 
rise. How  a  real  beginning  could  have  been  observed  more 
than  half  an  hour  afterward,  it  is  hard  to  see.  The  obser- 
vation is,  therefore,  clearly  inadmissible." 

Now  according  to  my  data  for  eclipses,  I  Hud  that  the 
eclipse  commenced  at  Bagdad  at  19h  2'"  42*,  and  ended  at 
21h  20'"  24s:  and  these  differ  from  the  observed  times  of  be- 
ginning and  ending  by  only  .'31'"  and  4'"  respectively  :  the  end 
agreeing  with  the  observed  time  as  closely  as  could  be  de- 
sired, considering  the  roughness  of  the  observations.  But 
the  recorded  time  of  beginning  was  probably  about  30™ 
too  late.  The  residuals  show,  however,  that  my  data  for 
eclipses,  will  represent  the  observations  very  much  more 
closely  than  Hansen's  tables. 

3.  In  the  June  number  of  The  Observatory,  Mr.  W.  T. 
Lynn  has  given  some  criticisms  of  the  conclusions  to  which 
the  study  of  ancient  eclipses  has  conducted  me  as  to  the 
chronology  of  certain  ancient  events.  I  shall  here  consider 
the  most  important  of  these  criticisms. 

In  regard  to  the  date  of  the  first  Olympiad,  Mr.  Lynn  con- 
tends that  the  Olympic  festivals  were  not  celebrated  in  the 
bissextile  years  of  the  Julian  calendar:  and  he  gives  it  as 
his  opinion  that  the  date  of  the  first  Olympiad  has  been  cor- 
rectly referred  to  the  year  776  B  C.  by  the  authors  of 
L' Art  de  Virifier  les  Dates  ;  but  he  adduces  no  evidence  that 
such  is  really  the  case.  Now  since  a  single  fact  is  of  more 
value  than  a  whole  volume  of  opinions.  I  shall  content  myself  in 
replying  to  that  part  of  his  criticism,  with  a  single  statement. 
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In  I. .1.1.'-  History  of  Rome,  I k  VI,  chap.  I.XI.    6, 

1  find  the  following  statement  of  fact,  referred  to  the  year 
81  B.C.,  when  Syi.i.a  celebrated  his  splendid  Triumph  for  his 
successes  iii  the  Mithridatic  War.  lie  says,  "  Large  sums 
of  money  were  paid  into  the  Treasury.  Splendid  spectacles 
followed.  Greece  was  obliged  to  suspend  her  Olympian  games, 
that  her  athletes  and  trained  combatants  might  exhibit  their 
skill  and  strength  before  the  Roman  people.  Young  men  of 
the  noblest  family,  contrary  to  old  custom,  did  not  disdain 
to  drive  chariots  at  these  games." 

Now  the  year  81  B.C.  was  a  bissextile  year,  and  the 
Olympic  games  were  due,  but  were  not  celebrated.  The 
year  181  B.C.  was  also  a  bissextile  year,  and  according  to 
the  testimony  of  Thdctdides  and  Herodotus,  the  Persian 
army  under  Xerxes  found  the  Greeks  celebrating  the  same 
games  on  their  arrival  in  Greece.  These  two  facts  of  his- 
tory abundantly  prove  that  the  Olympic  games  were  cele- 
brated in  the  bissextile  years  of  the  Julian  calendar;  and 
consequently  that  they  could  not  have  been  celebrated  in  the 
year  770  B.C. 

1.  Let  us  now  assume  that  the  first  Olympiad  was  cele- 
brated in  the  year  777  B.C.,  and  see  how  perfectly  the  facts 
of  history  will  harmonize  with  that  assumption.  Historians 
inform  us  that  Augustus  Caesar  was  born,  and  that  Jerusalem 
was  captured  by  Pompey  in  the  first  year  of  the  one  hundred 
and  seventy-ninth  olympiad.  These  events  therefore  hap- 
pened in  the  year  tl.")  B.C.  Now  Josephus  informs  us 
i  Antiquities,  Book  XVI II,  II.  •_' ),  that  Augi  sti  s  died  at  the  age 
of  seventy-seven  years.  But  65  B.C.  =  — 6-1  ;  and  — C4  +  77 
=  13  A.I).  Therefore  At  gustus  died  in  the  year  13  A.I)., 
which  is  the  date  of  his  death  according  to  the  testimony  of 
the  eclipse  which  occurred  during  the  sedition  of  the  l'an- 
nonian  legions,  as  already  stated  in  my  former  communica- 
tion. 

Mr.  Lynn's  remark  that  the  historian  would  be  more  likely 
to  allude  tn  a  total  than  a  partial  eclipse,  is  no  doubt  correct, 
if  eclipses  were  the  subject  of  discussion  ;  bul  in  the  present 
case  it  was  the  sedition  of  the  Pannonian  legions  of  which 
lie  was  -peaking;  and  if  he  mentioned  an  eclipse  at  all  in 
thai  connection  it  must  have  been  the  one  with  which  the 
event  was  associated,  without  regard  to  its  magnitude.  \n<l 
I  have  shown  that  that  eolipse  occurred  in  October  A.D.  13. 

Again,  according  to  Josephus,  Herod  the  Great  died 
sixty-one  years  after  the  capture  of  Jerusalem  by  Pompey. 
Therefore  Herod  died  in  the  year  I  B.C.;  and  this  agrees 
with  the  date  derived  from  the  eclipse  mentioned  by  Jo- 
sephus, whether  that  eclipse  occurred  in  the  year  5  B.C. 
sept.  15,  or  in  the  year  I  B.C.  March  12-13,  The  only  ob- 
jection to  the  latter  eclipse  being  considered  as  the  true  one, 
is  the  fact  that  the  time  between  the  eclipse  and  the  follow- 
ing Passover,  was  apparently  much  too  short  for  the  events 
narrated  by  Joseph!  -  to  ha\  e  taken  place. 

5.  Lastly,  a  few  words  in  regard  to  the  date  of  Caesar's 
Spanish    War.     Mr.  I. inn    inadvertently   charges   me   with 


saying  that  Caesar  commenced  bis  march,  after  the  battle 
of  Soricia,  before  the  moon  rose,  about  midnight;  wl 
the  very  reverse  is  what    I    -'     ed  .     II  uiat  I 

have  mistaken  the  meaning  of  the  historian  in  regard  to  that 
event  :  and  that  the  moon  actually  rose  about  midday  ;: 
of  midnight.  If  that  i-  the  case  he  (Mr.  I.ism  should  be- 
labor the  English  translator,  Mr.  W.  A.  McDevitte,  B.A., 
of  Trinity  College,  Dublin,  rather  than  myself,  for  that 
take.  Now  as  this  translator  probably  had  no  chronological 
theory  to   bias   his  judgement,  me   that  we  may 

safely  trust  his  translation   as  to    the   true   meaning   of  the 
narrative.     He  says.  "The  same  day  Pompey  decamped, 
and  posted  himself  in  an  olive-wood  over  agaii 
Caesar,  before  he  removed,  waited  till  midnight  when  the 
moon  began  to  appear." 

Now  if  Caesar  waited  for  the  moon  to  rise,  it  was  b 
he  expected  to  be  benefited  by  the  -       which  would 

certainly  have  beet)  of  great  advantage  to  him  in  a  night- 
march  ;   but  no  conceivable  benefit  could  arise  from  the  light 

of  a   five-days'  old   n n   in  the  middle  of  the  day  :   and  any 

allusion  to  the  moon  in  that  connection  would  have  been 
simply  ridiculous. 

The  question  whether  tin'  Spanish  War  occurred  in  the 
"year  of  confusion."  or  in  the  first  year  of  the  Julian  calen- 
dar, may  very  easily  be  determined  in  the  following  manner: 

The  /«  ot    the  moon  ua-  the  same  as  that  of   the 

-mi  on  January  1  of  the  year  15  B.C.  :  in  other  words,  the 
time  of  l  occurred  on  January  1.     The  year 

of  confusion  contained  145  days ;  and  fifteen  lunation- con- 
tain   It:',   day-.      If  the  year   16  B.C.  was   tie    yeat    of  con- 
fusion, there   must  have    been    a    new   moon   on  January   2. 
And   if  we  add   the  time  of  three  lunation-, 
shall  find  that  there  was   a    new  moon  about  the  90th  or  '.'1-t 

day  of  the  year.      Now  in  the  year  of  ( fusion  there  was  an 

intercalary  month  of  twenty-three  days  in  February,  - 

the  fifth  of  March  would    be   the    s7th   day  t>(   tin-  year:   and 

i sequently  would  be  within  three  or  four  days  of  the  time 

of   new  moon.      And   on  account  of  the  moon's  low   southern 
declination  at  that  time  it  could  not  have  risen  in  Spain  more 
than    two    or   three   hour-    before    -unrise  :    ami    there fi 
could  uo  u  about  midnight  on  March  •".   16  B.C.,  if 

that  was  the  year  of  confusion.  On  the  other  hand,  if  the 
year  16  B.C.  was  the  first  Julian  year,  the  new  moon  would 
have  taken  place  on  March  12;  and  on  March  5  it  would 
have  risen  about  midnight  :  and  this  apparently  trilling  inci- 
dent mentioned  by  the  historian  ha-  served  to  lix  beyond 
controversy,  the  date  of  Caesar's  Spanish  War,  and  the 
reformation  of  the  Roman  calendar. 

Almost  every  modern  writer  on  chronology  and  tin 
dar  has  given  the  year   I."'  B.C.  as  the  first  year  of  the  Julian 
calendar :  but  there  i-  one  notable  exception  :  for  I  find  that 
Thomas  Galloway  states  in  the  article  " 
eighth   and    ninth   edition-  of   the  /.' 
that  the  first  Julian  vear  commenced  with  the  •    - 
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January  of  the  year  16  B.C.,  and  the  708th  from  the  foun- 

i  must,  therefore,  be  Bome  historical 

reasons  for  this  statement,  which  agrees  with  the  conclusions 


Postscript.  —  Since  writing  the  above,  I  have  discovered  a  little 
mistake  in  regard  to  the  "year  of  confusion."    I  And  that  I  have 

given  to  the  i the  of  January  and  February  the  number  of  days 

corresponding  to  the  Julian  year,  together  with  the  intercalary 
month  of  twenty-three  days;  which  would  make  March  6  the  87th 
day  of  the  year;  whereas  it  was  the  36th  daj  in  the  year  of  con- 
fusion. Now  the  i final  March  6  in  the  year  of  confusion  cor- 
responds i"  Januarys  in  the  Julian  calendar;  so  that  if  the  year 
16  B.C.  was  the  year  of  confusion,  the  battle  of  Soricia  was  fought 
on  January  5;  but  if  it  was  the  first  Julian  year,  it  was  fought  on 
March  6.     1  have,  therefore,  calculated   the  moon's  place  in  the 

heavens  for  mean  midnight  at  Rome  I th  these  dates,  and  have 

found 

For  January  5,  moon's  right-ascension  205  23',  declination  6'  8' 
south. 

For  March  .">,  right-ascension  255    12',  declination  28    16'  south. 

The  moon's  hour-angle  at  mean  midnight  at  Rome  would  there- 
east  on  January  5,  and  95  13'  on  March  5;  and  they 
taken  as  the  same  for  the  same  local  time  in  Spain. 

Now  the  hour-angle  of  the  moon  when  in  the  horizon  of  Spain 
with  the  above  declinations  would  lie,  in  January  85c  0',  and  in 
March  70  0';  so  that,  in  January  the  moon  was  l1'  12m  below  the 
horizon  of  Spain  at  midnight,  and  in  March  it  was  lh  41"'  below. 


which  1  have  deduced  from   purely  astronomical  consider 
at  ii  ms. 

(   ■  w  land,  Ohio,  189 1  Juni  27. 


These  quantities  are  so  nearlj  the  same  thai  we  cannot  decide 
w ith  any  degree  of  certainty  to  which  date  the  battle  corresponds. 
Bat  there  is  another  criterion  that  may  perhaps  be  applied  to 

the  question  whether  the  year  46  B.C.  Was  the  year  of  rim 
Or  the  llrst  Julian  year.  If  historians  can  show  that  the  battle  of 
Soricia  was  fought  in  midwinter,  it  was  in  the  year  of  confusion; 
but  if  it  was  fought  iii  early  Bpring,  then  it  was  the  lir^t  Julian 
year.  The  main  question,  however,  is  not  affected  by  this  circum- 
stance; for  it  follows  iii  either  case  that  CAXSAB'sWar  in  spam 

was  in  the  years  47  and    16  B.C.,  which   is  one  yeai  earlier  than  is 
usually  assigned  by  historians. 

It  will  be  noticed  that,  at  each  of  the  above  dates  the  moon  was 
something  more  than  an  hour  below  the  horizon  at  midnight,  which 
would  seem  to  imply  that  the  battle  was  fought  a  day  or  two  before 
March  5.  On  this  point  the  Rev.  Sami  i:i.  l".vi:M.\it  Jahvis,  in  his 
Chronological  History  of  the  Cliurch,  remarks  as  follows:  "The 
language  of  the  author  is  wanting  in  precision.  I  should  infer 
from  his  expressions  that  the  deserters  who  came  to  Caesau's  camp 
spoke  of  the  battle  and  the  removal  of  1'o.mpey's  camp  as  having 
taken  on  a  previous  day;  but  whether  the  battle  took  place,  or  the 
slaves  gave  the  information,  on  the  olh  of  March,  is  doubtful." 

1801  July  6. 


THE   ACTION  OF   JUPITER  UPON   COMET  d  18S9, 


By  CHARLES 

In  my  note  upon  this  subject  iu  Astronomical  Journal, 
No.  22s,  I  stated  that  the  Dumerical  results  there  published 
were  but  ;i  second  approximation,  the  perturbations  being 
considered  for  only  a  few  months  before  appulse.  Since 
theu  I  have  beeu  over  the  entire  work  several  times,  using 
more  accurate  formulas,  and  have  tried  to  make  a  very  close 
approximation  to  the  numerical  solution  of  this  very  inter- 
esting problem. 

I  first  obtained  a  more  accurate  set  of  elements,  by  intro- 
ducing into  the  original  computation  the  observations  made 
at  the  Lick  Observatory  during  the  months  of  November 
and  December,  1890.  The  resulting  elements  agree  very 
well  with  those  given  by  Mr.  Chandler  in  his  last  paper 
upon  this  subject,  and  are  as  follows  : 


n  —     1°  35'  81".53 

Q,  =  17    59    32  .'.»7 
i  =     6      4    13  .18 


1890.0 


log  a  —  0.5664512 
log  e  =  9.6729017 
log, i  =  2.7003308 

T  =  1S89  Sept.  30.355026  Or.  M.T. 

Considering  the  above  elements  as  osculating  for  1889 


LANE  POOR. 

July  2,  I  computed  the  perturbations  by  Jupiter  from  that 
date  to  the  time  of  appulse  in  October.  1886.  Until  March 
15,  1887,  an  interval  of  forty  days  was  used.  At  this  date 
the  perturbations  were  integrated  anil  applied  to  the  ele- 
ments, and  with  the  osculating  elements  thus  derived  for 
1887  March  15,  the  perturbations  were  continued  until  1886 
October  26,  using  an  interval  of  ten  days,  when  they  were 
again  integrated.  The  elements  thus  derived  for  October 
26.0  are  as  follows  : 


1  Mm. 1 1 


L  =  215°  47'     0".6 
si  =       2    37      7  .1 
Q,  =     19      6    36  .3 
i  =       7    23    37  .2 
log  a  =  0.5550265 
log  e  =  9.7209782 
log/*  =  2.7174669 


Following  the  method  given  by  LaPi.acl,  I  at  this  point 
transferred  the  center  of  motion  from  the  sun  to  Jupiter,  and 
found  the  hyperbolic  orbit  iu  which  the  comet  was  at  that 
moment  moving  about  Jupiter.  The  perturbations  due  to 
the  action  of  the  sun  on  the  comet,  while  the  latter  was 
traversing  this  orbit,  were  then  computed.  The  ordinary 
method  of  rectangular  coordinates  as  given  by  Watsox  was 
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used.     From  October  26.0  to  August  17.0  a  ten-day  interval 

was  found  satisfactory.  But  on  this  latter  date  the  indirect 
terms  iu  the  differential  coefficients  became  too  large  for 
convenience,  or  for  accuracy,  and  it  was  therefore  necessary 
to  apply  the  perturbations  to  the  elements,  and  thus  to  ob- 
tain a  new  set  of  osculating  hyperbolic  elements.  With 
these  the  perturbations  were  continued  until  July  24,  using 
a  four-day  interval,  when  they  were  again  integrated  and 
applied.  It  was  again  found  necessary  to  apply  the  pertur- 
bation on  July  4,  at  which  date  the  interval  was  increased 
to  ten  days,  and  so  continued  until  March  20.0,  on  which  day 
the  comet  passed  out  of  the  sphere  of  Jupiter's  activity. 
These  various  sets  of  hyperbolic  elements  are  given  in  the 
table  below. 

Hyperbolic  Orbit  about  Jupiter. 


log  a 
log  e 

log   a 


Oct.  26.0       Aug.  17.0     July  24.0 


July  4.0 


282  6  14.3  281  41.49  281  44.50  281  42.85 

256  11  2().o25i'  18.49  252  11.36  252  12.28 

68  29  0..s  56  26.41  56  1.63  56  2.00 

25  55  12.;;   29  23.00    29  33.1 1    29  30.57 


n.8.9374383  n8.92681  n8.92450 

0.0041062;  0.00549     0.00558 
7.9570528    7.97300     7.97646 

Jul.19.0439    19.3273     19.3306 


ra8.92423 

0.00558 
7.97686 

19.3296 


Mar.  26.0 


283  18.33 
•j  5  5    8.06 

5.s  ;,:,.:\i\ 
28  40.27 

»i8.94800 

0.00479 

7.94121 

20.1238 


From  these  we  see  that  the  solar  perturbations  produce 
quite  marked  changes  in  the  relative  orbit.  The  comet 
passed  the  center  of  Jupiter  on  1886  July  19.33  at  no  greater 
distance  than  that  of  this  planet's  radii.  The  approacb  was 
much  closer  than  Mr.  CHANDLER'S  work  indicated,  and  the 
resulting  changes  in  the  orbit  about  the  sun  much  more  radi- 
cal, as  will  be  seen  from  the  following  elliptical  elements 
deduced  from  the  above  for  March  26.0. 


,t  =   188' 
Q,   =  182 


43  .8  ! 


- 


53 

i  =       7    22    30  .6 
b>  =       5    47    54.4 
log  a  =  1.0979460 
log  e  =  9.7513910 
log, a  =  1.9030876 
"  T  —   1886  July  1.585 
Period  =   41.352  years. 

This  seems  to  indicate  only  three  revolutions  in  I 
years  to  be  accounted  for  in  order  to  establish  identity  with 

i  i.'s  comet ;  but  these  revolutions  are  of  unequal ; 
owing  to  large  perturbati  »■     The  comet,  s 

ing  to  my  results,  was  at  its  shortest  distance  from  Sat 
orbit  about    1846.  and   Saturn  was  at  the  same  point  in   its 
orbit  about  1844.7.     I  have  made  a  very  hurried  and 
approximation  to  the  effect  of  the  perturbations 
for  a  few  months  before  the  appulse  in  1886,  and  also  to  the 
character  of  the  perturbations  by  Saturn  in  1844—1846,  and 
found   that  the   period   was   shortened   considerably.     This 
would  seem  to  indicate  that    .Mr.  S<  Hi  LHOF*S  conclusions  re- 
garding this  comet  are  correct. 

In  the  Bulletin  Astronomique  for  December,  1889,  he  found 
that  Tisserand's  criterion  for  the  establishment  of  the  identity 
of  two  comets  can  only  be  satisfied  in  this  case  upon  the 
supposition  of  a  strong  perturbation  by  Saturn.  Assuming 
the  identity  of  the  two  comets  he  deduces  by  means  of  this 
criterion  the  most  probable  orbil  of  the  comet  between  1779 
and  1886,  and  finds  its  period  to  have  been  about  32  years 
from  1779  to  1849,  at  which  time  it  passed  near  Saturn,  and 
its  period  was  thereby  increased  to  about  12  years. 

This  agrees  so  strikingly  with  the  results  of  my  direct 
computation  of  these  intermediate  orbits,  that  there  can  be. 
I  think,  very  little  doubt  as  to  the  identity  of  the  two  I 
and  to  the  conclusion  that  there  were  only  three  revolutions 
between  1779  and  1886,  instead  of  four  as  found  by  Mr. 
Chandler. 


EPIIEMEKIS   OP   VARIABLES  OF   THE   ALQOL-TYFE 


Approximate  Greenwich  M.T..  1891. 


U  Cephei 
)"  ( !ygni 
17  Ophiuchi 
}'  Cygni 
3  Librae 
U  <  iphiuchi 

I  '  (   ephei 

F  Cygni 

U  <  Iphiuchi 
F  Cygni 

I  '  (  'ephei 

U  Coronae 
F  Cygni 
I'  ( Iphiuchi 
I "  ( Iphiuchi 


July 

.i     i 

2  8 

2  9 

3  19 
3  21 
1  11 
l  15 
l  20 
5  9 

5  1 1 

6  21 

7  8 

7  18 

8  9 

8  20 

9  16 


{ '  t  ephei 

F  Cygni 

ropiiiuciii 

Algol 
F  Cygni 
i  Librae 
)'  Cygni 

Algol 
)'  Cygni 
/ '  (  oronae 

V  <  Ipllillehi 

/.  Tauri 
U  Cephei 
/ '  <  Iphiuchi 
)•  Cygni 


July 

.1    "  h 

9  20 
9  21 
10    12 

in  19 
11 
11 
12 
13 
1  1 
1  I 
I  I 
1  I 
1  I 
15 


U <  Iphiuchi 

Algol 
F  Cygni 
i  Librae 

/.  Tauri 
F  Cygni 

V  I  Iphiuchi 
I  '  (  Cphei 

V  Cygni 

f7  Ophiuchi 
0  Librae 
/ '  ( Iphiuchi 

I '  I  nae 

F  Cygni 

>.  Tauri 


Julv 

d       h 

1 6     9 

16  13 

17  9 
is    10 

18  19 

18  21 

19  17 

19  19 

20  9 
20   13 

20  18 

21  10 
21    II 

21  21 

22  17 


F  Cygni 

I '  l  iphiuchi 
U  Cephei 

i  Librae 
V  Ophiuchi 

I  l  pgni 
D  Ophiuchi 

/.   Tauri 

8  Librae 
)'  <  lygni 
I '  i  oronae 
F  Cygni 

/    <  iphiuchi 

U  Cephei 

P.   Tauri 


J 

d 

23 

uly 

h 

9 

24 

18 

24 

19 

25 

10 

•j  5 

1 1 

26 

s 

26 

10 

26 

16 

2  7 

18 

27 

20 

28 

11 

29 

s 

29 

19 

29 

19 

30 

15 

V  <  Iphiuchi 
F  Cygni 


F  Cygni 

\  a 
F  Cygni 

/.  'Tauri 
rae 
U  Cephei 
D  <  iphiuchi 
F  Cygni 
( '  (iphiuchi 
V  (iphiuchi 
Algol 


Julv 

2   18 

2  20 

3  14 
;:  17 
3  is 

3  19 

I         s 

4  15 

5  12 

5    1  t 
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1891 

Time 

8ps. 

i  ■ 
Grs 

Def.  and  Size 

1691 

Time 

Grs 

Sps. 

1  ■:n- 

Def.  and  .Ni/.r 

ls'.'l 

Time 

Grs 

- 

la, 
l  .1  - 

11,- 1'.   Bl        s 

Jan.    2 

3 

'| 

0 

1 

bad 

Mar.   1 

in 

1 

9 

1 

pool'  ;    small 

May  8 

2 

1 

2 

2 

fair 

3 

10 

0 

0 

1 

poor 

2 

9 

1 

5 

1 

had 

l 

K» 

4 

12 

1 

pool   ;    1    lar. 

1 

10 

0 

0 

1 

1 ■ 

1 

12 

2 

4 

3 

l  large 

5 

12 

2 

9 

2 

po  >r  :  2  lar. 

."> 

12 

1 

3 

3 

fair :  small 

5 

10 

3 

6 

3 

fair ;  l  lar. 

(1 

9 

-' 

IG 

■1 

1 ■  :  2  lar. 

6 

9 

3 

7 

2 

fair 

6 

10 

2 

2 

0 

had 

7 

9 

3 

in 

2 

poor  ;   1   lar. 

7 

9 

1 

5 

2 

1 ■ 

10 

9 

1 

18 

0 

fair 

8 

12 

4 

35 

2 

g 1  ;  1  lar. 

8 

1 

2 

1 

1 

poor 

11 

9 

1 

19 

1 

fair 

9 

9 

4 

4  1 

3 

good 

g 

10 

2* 

3 

1 

pooi 

1 1 

9 

2 

3 

3 

good  ;  1  lar. 

10 

8 

I 

77 

0 

good  :   1  lar. 

12 

10 

0 

0 

2 

fair 

15 

9 

1 

1 

3 

poor  ;  1  lar. 

11 

4 

6 

40 

4 

fair  :  4  lar. 

18 

9 

0 

0 

0 

•i I 

IG 

9 

3 

8 

1 

poor  :  1   lar. 

12 

10 

G 

37 

3 

fair  ;  2  lar. 

1 1 

m 

0 

0 

0 

poor 

17 

9 

•2 

9 

1 

poor  ;  1  lar. 

13 

10 

6 

IG 

4 

poor  ;  3  lar. 

15 

3 

1 

4 

' 

fair :  1  lav. 

18 

10 

3 

17 

2 

good  ;  1  lar. 

17 

10 

4 

24 

1 

fair  :  1   lar. 

16 

10 

1 

9 

1 

fair ;  1  lar. 

23 

3 

2 

7 

1 

18 

10 

4 

32 

3 
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18 

3 

3 

19 

1 
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21 

3 

1 

1 

2 
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19 

9 

5 

.-,;, 

3 
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10 

3 

21 
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25 

9 

1 

1 

5 
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2d 

11 

5 

40 

1 
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21 
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1 

1 

0 
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•_".i 

3 

4 

20 
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21 

9 

7 

;,:i 
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22 

1 

2 

13 

0 
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30 

9 

3 

8 

2 
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22 

9 

9 

81 

2 
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28 

in 

2 

23 

0 
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27 

1 

1 

l.s 

0 
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24 

m 

1 

28 

2 
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Apr.  5 

9 

1 

15 

2 

fair;  1  lar. 

28 

12 

5 

16 

3 

poor  :  1  lar. 

26 

2 

1 

36 

3 
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6 

10 

1 

1 

1 
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31 

9 

3 

30 

1 

fair;  2  lar. 

■-'7 

9 

I 

in 

3 
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7 

10 

2 

6 

2 
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28 

9 

1 

i:. 

3 
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8 

12 

1 

1 

1 
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June  1 

10 

5 

32 

2 

lair:  3  lar. 

30 

•"■ 

28 

1 
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9 

12 

2 

9 

1 

fair  :   1   lar. 

2 

11 

6 

38 

4 

good  :  2  lar. 

12 

3 

2 

18 

0 

1  near  n.p? 

3 

9 

4 

33 

3 

faii- 

Feb.    l 

2 

2 

22 

0 

fair  :  small 

13 

9 

3 

14 

2 

fair  :  small 

4 

11 

3 

20 

1 

fair 

2 

9 

3 

10 

1 

good  :  small 

14 

9 

3 

32 

1 

good  ;  small 

8 

11 

1 

11 

1 

p ' 

l 

9 

(i 

(1 

1 

] r  :  small 

15 

9 

3 

37 

2 

good 

9 

11 

2 

17 

0 

pool- 

5 

9 

1 

1 

1 

poor  ;  small 

16 

9 

4 

29 

2 

poor 

10 

10 

3 

29 

2 

pool  ;   1    lar. 

6 

9 

1 

2 

2 

fair  ;  small 

17 

9 

3 

40 

2 

good 

11 

9 

3 

19 

2 

poor  :  1   lar. 

8 

11) 

2 

2 

1 

good  ;  small 

19 

9 

5 

32 

3 

good  ;  small 

12 

3 

."> 

66 

3 

line  :  1  lar. 

10 

10 

2 

33 

0 

faii- 

20 

11 

3 

22 

1 

poor 

13 

1  1 

4 

24 

3 

good  ;  2  lar. 

11 

11 

3 

65 

0 

fair 

21 

10 

4 

32 

1 

good  ;  1  lar. 

14 

10 

5 

39 

2 

good  :  2  lar. 

13 

3 

3 

26 

1 

good  :  lar. 

22 

10 

5 

36 

2 

good  ;  2  lar. 

15 

1(1 

6 

47 

3 

good  ;  2  lar. 

1  1 

9 

4 

32 

1 

fair  ;  lar. 

23 

10 

3 

92 

1 

fine  ;  1  lar. 

16 

9 

6 

88 

2 

good  ;  2  lar. 

15 

9 

4 

54 

2 

good  :  lar. 

24 

10 

3 

62 

1 

fair  :  1  lar. 

17 

9 

5 

100 

2 

fair  ;  1  lar. 

18 

9 

5 

36 

4 

fair  ;  2  lar. 

25 

10 

4 

42 

3 

good  ;  2  lar. 

22 

9 

9 

69 

5 

good  :  2  lar. 

19 

11 

1 

1  1 

1 
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26 

10 

4 

34 

4 

fair  ;  1  lar. 

23 

9 

7 

48 

3 

good  :  3  lar. 

22 

9 

6 

55 

3 

good  : 

27 

4 

52 

0 

fine  ;  2  lar. 

24 

9 

9 

43 

3 

good  ;  3  lar. 

23 

1 

1 

to 

1 

:  l  lar. 

28 

9 

4 

58 

1 

fine  ;  2  lar. 

25 

9 

8 

54 

3 

- 

24 

10 

3 

28 

1 

fair  ;  1  lar. 

29 

9 

3 

25 

1 

fair  ;  1  lar. 

26 

9 

7 

108 

3 

good  :  4  lar. 

25 

10 

2 

46 

3 

fair  :  1  lar. 

30 

10 

3 

26 

1 

fine  ;  1  lar. 

27 

8 

G 

56 

2 

poor :  4  lar. 

27 

9 

2 

25 

1 

good  :  small 

28 

9 

7 

70 

2 

fair ;  4  lar. 

28 

9 

1 

18 

1 

good  :  small 

May   1 

10 

4 

29 

2 

good 

i'.\ 

9 

6 

61 

1 

good  :  3  lar. 

■_> 

10 

3 

13 

2 

good  :  1  lar. 

30 

9 

7 

35 

2 

good  ;  1  lar.j 
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:..7i 

SO  7 

38.20 

2:'.  7  7 

—11.1M 

—0.12 

/."/<< 

ide  16612. 

1) 

VI.  —1°.  i; 

1889  Dec. 

6 

E 

28    1 1 

94 

9   H.9 

L889  Dec.    7 

11 

12 

E 

58.66 

12.7 

1 1 

11 

10.58 

.-.7.2 

IS 

II 

58.67 

12.1 

.2.2:; 
■  18 

18 

II 

10.67 
10.57 

59.1 

—o.i:. 
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Weisse  975. 

1890.0 

1889  Dec 

.    6 

E          23    !'.'  26^0 

9£ 

17      7.:; 

12 

E                       26.17 

7.9 

21 

II                       26.27 
26.21 

\v.  [8si  1075. 

ii     in 

9.4 

8.20 
+  0.19 

1889  Deo 

1 
11 

11           23  54    19.16 

II                       19.18 

II                       19.15 

19.16 

Weisse  1090. 

89 

°;;i    18.5 

i;;..-, 

43.6 

43.53 

—0.17 

N. 

h       in       ■ 

1889  D(  c 

2 

11           23  .M   53.27 

89 

33      7.9 

1 

H                      53.28 

6.8 

11 

II                      53.25 
53.27 

Weisse  1099. 

5.5- 
6773 

—0.17 

1889  Dee. 

6 

E           i':;'. "..".'"  18.55 

95 

32    12.8 

7 

II                        18.51 

43.1 

12 

E                       18.55 
18.54 

42.9 

42.93 

+  0.11 

SDM   —5",  6098. 

1889  Dee. 

12 

E           23  55m37.03 

95 

30  21.8 

13 

II                      S7.04 

22.0 

21 

H                       37.02 
37.03 

- 

21.90 

+0.20 

11  "inker  1191  1. 

h        m         s 

i 

1889  Di  c. 

1 

11           23  57     6.54 

96C 

52  33.0 

6 

E                        6.48 

34.0 

22 

E                        6.63 
6.55 

34.9 

33.97 

+  0.23 

Bonn  +0°,  508. 

1889  Dec. 

2 

H           23  57m57.86 

89 

1    55.1 

11 

H                        57.84 

55.6 

23 

H                       57.90 

57.87 

Weisse  1170. 

h        m        ■ 

57.3 

56.00 

—0.15 

1889  Dec. 

4 

H           23  58  49.38 

97 

34  58.6 

23 

H                        49.50 

58,9 

49.44 


+  0.26 


II  '■  isst   1  179. 

1890.0 

1889  Dec. 

2 

6 

II 

E 

2d  59 

5.80 

1   50.0 
19.6 

1  1 

II 

5.32 

18.3 
19.30 

—0.18 

Sc/y<  //<  rup  998  i. 

1889  Dec. 

7 
12 

II 
E 

...  59    15. 16 

15.02 

97 

12.1 

21 

II 

15.68 
15.59 

12.9 

12.27 
+  0.21 

Weisse  1248. 

1889  Dec. 

2 

II 

35.04 

95 

57    11.1 

4 

II 

34.88 

1  1.8 

7 

II 

34.96 
34.96 

44.8 
44.67 

+  0.12 

SDM. 

-7°.  5-. 

1889  Dec. 

6 

E 

2*66 

97 

12 

E 

2.91 

34.5 

13 

II 

2.77 

:;i  :; 

2.74 

33.87 

+0.28 

Schjell 

erup  27. 

1889  Dec. 

2 

II 

0     4  38.02 

95 

51  56.0 

4 

H 

37.89 

55.6 

6 

E 

37.85 

56.2 

37.92 

55.93 

+  0.17 

Schjel 

erup  48. 

1889  Dec. 

2 

H 

()"    7m81.78 

95° 

51    337*0 

4 

H 

31.77 

32.2 

6 

E 

31.75 
31.75 

33.1 
32.77 
+  0.17 

Weisse  135. 

1889  Dec. 

2 

H 

0   10   11.35 

96 

13     5.5 

4 

H 

11.35 

5.6 

6 

E 

11.30 

6.0 

11.33 


5.70 

-0.18 


'  Mean  A.R.  corrected  for  personal  equation  ( — 0M1)  ou  Dec.  12 


N7EW   ASTEROID. 

An  asteroid  of  the  twelfth  magnitude  was  discovered  by  Paiisa  at  Vienna,  August   14,  in  tbe  position. 
1891  Aug.  14.4951  Greenw.  M.T.,  a  =  23h  19"'  50  .6,  8  =  —4°  15'  36". 

Daily  motion  in  right-ascension  — 40'.  in  declination  south  4'. 


X"   24; 
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OliSKRVATIONS   OF    SIHST-SPOTS, 


MAUL   WITH    i   3-INCH    1:1. 1  In I    l\    1891    M    BRYK   MAWIl.    PA.,    I  Mil.    MARCH   19,    a.m.   a  I  I  III:    IIIM    DATS    W    PHILADELPHIA,    PA., 

By  A.  W.  QUIMBY. 


1  ime 

Grs. 

Sps. 

Grs 

Def. 

1891 

rime 

Grs.    Sps. 

Fac. 

Grs. 

D.-f. 

rime 

Sps. 

Def. 

Jan.  •-' 

2 

0 

ii 

'i 

poor 

Mar.   1 

4 

1 

:; 

1 

fail- 

May  '■> 

- 

2 

•'. 

poor 

3 

9 

0 

ii 

1 

fail- 

."> 

8 

2 

7 

•_> 

fair 

- 

2 

13 

faii- 

l 

9 

ii 

0 

it 

fair 

6 

7 

.    . 

0 

poor 

7 

- 

2 

2/. 

o 

fair 

5 

:i 

0 

0 

0 

fair 

7 

9 

ii 

poor 

- 

■ 

■■; 

21 

1 

6 

9 

1 

3 

1 

fair 

8 

9 

0 

ii 

\  .  pooi 

'.i 

- 

3 

:il 

1 

fail- 

7 

9 

0 

0 

n 

poor 

10 

7 

17 

2 

fail- 

in 

- 

3 

2 

fair 

y 

!i 

0 

0 

ii 

fa  i  r 

11 

9 

in 

2 

fair 

11 

7 

1 

19 

2 

faii- 

Q 

'.» 

II 

0 

ii 

poor 

11 

8 

4 

1 

fair 

12 

7 

■". 

:;i 

2 

fair 

10 

9 

0 

0 

1 

poor 

15 

8 

II 

poor 

13 

7 

■  1 

3 

fair 

12 

9 

0 

II 

o 

poor 

16 

■s 

0 

poor 

14 

7 

16 

o 

poor 

13 

1 

II 

0 

0 

1 • 

17 

s 

0 

faii- 

16 

in 

■■•■ 

16 

o 

poor 

14 

10 

0 

II 

II 

poor 

18 

- 

'  9 

II 

fair 

17 

- 

3 

lo 

1 

15 

9 

1 

5 

•2 

fair 

l'J 

- 

2 

II 

1 • 

18 

7 

1 

3 

_ 

16 

10 

1 

9 

1 

poor 

21 

•1 

1 

II 

1 

19 

7 

1.". 

2 

18 

2 

2 

15 

1 

1 r 

23 

4 

1 

'.    \ 

II 

poor 

2n 

7 

.". 

61 

2 

19 

9 

3 

25 

1 

fair 

24 

.0 

1 

0 

poor 

21 

7 

•'. 

• 

3 

20 

2 

1 

10 

0 

\ .  poor 

•2.". 

■s 

|| 

2 

poor 

2  2 

7 

6 

71 

•j 

fair 

21 

9 

3 

18 

2 

1 • 

26 

■-' 

|| 

2 

faii- 

7 

:; 

13 

o 

poor 

22 

3 

1 

10 

0 

pi  ior 

29 

s 

1 

•2 

poor 

24 

2 

20 

o 

v.  poor 

23 

9 

2 

25 

ii 

fair 

30 

s 

1 

2 

faii- 

2.-. 

7 

.". 

13 

2 

fair 

24 

9 

4 

29 

2 

tail- 

26 

10 

2 

o 

25 

1 

3 

7i) 

2 

fair 

Apr.  2 

8 

5 

Ii 

poor 

2  7 

12 

2 

•2ii 

•_. 

1 r 

26 

1 

1 

39 

3 

good 

'■> 

9 

1 

II 

poor 

28 

- 

3 

i.; 

2 

1 r 

2  7 

9 

1 

58 

2 

t! 1 

4 

12 

1' 

poor 

3o 

2 

15 

0 

poor 

28 

9 

1 

72 

3 

good 

5 

9 

'in' 

2 

fair 

.11 

- 

2 

16 

2 

fail- 

29 

2 

1 

ii 

\ .  poor 

6 

8 

0 

poor 

30 

9 

3 

25 

1 

poor 

7 

9 

1 

1 

0 

faii- 

June  1 

in 

3 

2 

fair 

8 

9 

1 

1 

(1 

fair 

•_> 

- 

i 

•2o 

:'. 

faii- 

Feb.   I 

1 

2 

0 

poor 

9 

1 

8 

1 

fail- 

3 

7 

■"■ 

21 

4 

fair 

■> 

9 

■> 

11 

3 

fair 

11 

4 

10 

II 

poor 

4 

8 

:•■ 

•_> 

faii- 

4 

9 

ii 

ii 

2 

fail- 

12 

1 

16 

1 

faii- 

5 

8 

•j 

16 

■_• 

fair 

5 

9 

ii 

ii 

•2 

fair 

13 

9 

in 

II 

fair 

6 

8 

1 

1" 

1 

fair 

6 

9 

1 

3 

2 

faii- 

11 

9 

•2 

2.-, 

2 

good 

7 

6 

1 

.    . 

o 

v.  poor 

8 

1 

0 

n 

1 

poor 

15 

9 

■j 

33 

s 

._;,„..! 

- 

7 

1 

11 

•_. 

faii- 

10 

1 

1 

■27 

1 

fair 

16 

:i 

2 

21 

2 

faii- 

'.' 

7 

1 

2 

11 

9 

3 

39 

1 

good 

17 

9 

2 

30 

2 

fair 

in 

7 

3 

fair 

12 

9 

1 

0 

\   poor 

18 

•2 

•2 

22 

1 

fail 

11 

. 

37 

I 

fair 

13 

9 

2 

10 

0 

poor 

19 

'.i 

2 

1  I 

1 

faii- 

12 

7 

•"• 

2 

poor 

1  1 

4 

1 

50 

1 

faii- 

20 

1 

in 

2 

fair 

13 

7 

:•• 

27 

2 

faii- 

15 

9 

1 

11 

3 

fair 

•21 

:i 

:'. 

•22 

2 

fair 

1  l 

7 

1 

2 

fair 

16 

5 

0 

0 

0 

\ .  poor 

22 

9 

•2 

30 

2 

1.". 

7 

17 

2 

1 

20 

1 

poor 

23 

'.1 

3 

80 

2 

good 

16 

7 

57 

18 

9 

2 

2  7 

2 

fail- 

24 

9 

.". 

78 

•_> 

faii- 

17 

7 

:. 

111 

1 

19 

9 

3 

36 

•_) 

fair 

25 

'.' 

-' 

38 

3 

fair 

2  m 

- 

•". 

21 

•j 

poor 

22 

9 

2 

27 

3 

fail- 

•2C 

8 

•2 

84 

2 

g 1 

21 

B 

.". 

■j 

fail- 

28 

9 

3 

37 

3 

fan- 

2  i 

8 

2 

I.". 

2 

fail- 

2  2 

7 

:■ 

24 

!i 

1 

21 

3 

fair 

28 

8 

•_> 

18 

:; 

fail 

23 

6 

5 

41 

I 

fair 

25 

9 

1 

0 

1 r 

29 

8 

.". 

12 

2 

faii- 

21 

7 

:!1 

I 

fair 

•27 

!i 

1 

in 

2 

fail- 

30 

s 

2 

30 

•2 

fair 

25 

7 

•". 

28 

11 

1 

5 

2 

fail- 

7 

.". 

127 

May    l 

s 

2 

32 

1 

fair 

■_.  7 

7 

good 

Mar.  1 

9 

1 

6 

2 

fail- 

•_> 

s 

1 

1 

poor 

28 

7 

3 

1 

faii- 

2 

9 

1 

.". 

2 

fair 

3 

1 

0 

ii 

poor 

7 

8 

fair 

3 

9 

0 

0 

0 

v.  poor 

4 

8 

:; 

- 

3 

fair 

30 

7 

4 

fair 
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OBSERVATIONS    OF    // )' PJS R l< > X. 

Bl    A..   HALL. 
[Communicated  by  Capt,  1'.  V.  McNair,  i  .8    Navy,  Superintendent.] 


Date 

Wash.  M.T. 

P 

Wash.  M  T. 

a 

Wl. 

Remarks. 

1889   Feb.  20 

ii       in 
9     27.1 

262.55 

h 

9 

32.9 

270.2:1 

:: 

faint 

28 

9      12.0 

217.S2 

9 

1:1.:: 

2(10.71 

2 

Mar.     G 

8     20.0 

60.50 

8 

26.5 

127. .so 

2 

7 

8     3  1.1' 

28.62 

8 

11.5 

73.57 

2 

very  taint 

8 

8       (Mi 

• 

8 

5  5 

72  53 

.-; 

faint  :   doubtful  if 

Hyperion 

11 

9     35.4 

271.82 

:i 

12.1 

22:i.7s 

;; 

.. 

it 

12 

8     27.11 

2C,  7.  (15 

8 

34.4 

•j.-,;,.:;:; 

3 

faint 

22 

8 

KKl. '.)2 

8 

42.6 

166.74 

2 

26 

8     .".2. o 

74.32 

8 

58.0 

180.46 

3 

28 

8     39.5 

36.32 

8 

16.5 

7:1..",.", 

.". 

faint 

30 

8     10.5 

294.52 

8 

17.0 

1  I5.ni 

3 

windy 

April    2 

8     13.0 

267.42 

8 

25.5 

21  1.35 

2 

verj   faint 

4 

!)       7.!i 

2. V.l.  2  5 

9 

15.4 

25:;.  72 

2 

5 

9       5.9 

25  1.!  15 

9 

15.4 

2. -.2.  2  7 

3 

faint 

L890  Feb.  21 

10     51.0 

25  C.  5  7 

10 

57.0 

22(1.17 

2 

26 

10       (i.e. 

105.15 

10 

6.1 

107.55 

3 

faint 

.Mar.     2 

9     37..". 

81.30 

9 

43.5 

207.16 

3 

windy,  faint 

8 

9     31.5 

27C. 5s 

!l 

10.0 

1 75.1C 

2 

faint 

9 

:i     1  l.o 

271.20 

9 

1:1.0 

223.69 

3 

faint 

9 

9     2:i. i) 

264.45 

9 

.",1.5 

90.70 

3 

Titan-Hyperion 

11 

7     50.5 

265.  16 

7 

56.0 

272.83 

2 

faint 

11 

8     47.(i 

269.73 

8 

52.0 

6 7.:  i3 

2 

Titan-Hyperion 

12 

8       0.5 

263.06 

8 

23.3 

275.80 

2 

very  faint  for  s 

If. 

8     11.4 

253.06 

8 

18.4 

187.79 

2. 

wind} 

23 

9       1.5 

82.20 

9 

7.0 

207.95 

3 

April  11 

9       5.2 

93.15 

!) 

12.7 

172.74 

2 

faint 

12 

7      12.7 

88.15 

7 

.".0.7 

1:1:1.  is 

4 

19 

8     33.7 

281.75 

8 

40.7 

137.80 

3 

21 

8     40.2 

269.95 

8 

411.7 

227.61 

3 

faint 

22 

9     18.2 

267.00 

9 

2  1.2 

252.90 

3 

faint 

1891    April  8 

8     36.5 

87.28 

8 

42.0 

201.37 

3 

faint 

May    ;» 

8     12.5 

268.32 

8 

18.5 

226.57 

3 

10 

8     12.5 

266.20 

8 

19.0 

248.34 

■_> 

very  faint 

Bach  of  the  observed  angles  depends  on  four  settings  of  the 
position-circle.  The  distances  are  the  mean  of  four  measures  of 
the  single  distance,  except  in  the  case  of  those  denoted  Titan- 
Bgperion,  which  are  the  mean  <.f  two  double  distances.  These  ob- 
servations are  of  Hyperion  referred  to  Titan  as  the  origin.  All  the 
observations  have  been  corrected  for  differential  refraction. 


As  the  observer  has  been  busy  finishing  his  observations  of 
double  stars,  but  few  observations  of  satellites  have  been  made 
during  the  present  year. 

Naval  Observatory,  1891  July  23. 


REDISCOVERY  AND   OBSERVATIONS  OF   EXC'KES    PERIODIC   COMET. 

The  Nebula  N.Gr.C.   1514, 
By  E.   E.  BARNARD 
I    have   searched   carefully   for    Encke's   comet  with   the 
12-inch,  but,  so  far,  uo  trace  of  it  can  be  seen  with  that 
instrument. 

Examining  its  place  ou  the  morning  of  August  2  with  the 
36-iuch  refractor,  I  found  the  comet  quite  close  to  the  po- 
sition assigned  it  by  Dr.  Backlund. 


It  was  extremely  faint  and  diffused,  and  only  very  feebly 
brighter  towards  the  middle.  It  was  about  16|  magnitude, 
and  f '  iu  diameter. 

The  comet  could  not  be  found  ou  the  2d  because  of  poor 
seeing,  but  on  the  3d  it  was  observed  again,  and  was  con- 
sidered brighter. 


X"  245. 
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The  comparison-star  of  August  3  is  in  tin-  center  of  the 
nebula  N.G.C.  1514.  This  is  realty  a  large  planetary  nebu- 
la. It  is  circular,  with  well-defined  outlines.  There  are 
several   condensations    in    the    nebula,    notably,    two    very 

Ml  Hamilton,  L891  August  1. 


marked  »n»  at  opposite  -  ly  (from  mi 

in   position-angles    135     mid  315  .      I 
characteristic  feature  of  inosl  of  the  planetary  ne 


FILAR-MICROMETEK    OBSERVATIONS   OF    ENCKE'S    COMET, 

HADE     WITH    THE    88-IWCH     I  ';i    WOBIAt    "i      mi      i  i,  k     OB8EBVATOBT,     l:l      I..     B,     BABSABD. 


Mi.  Hamilton  M.T. 
1891 

* 

No. 
Comp. 

^  —  * 
la                     /S 

•  apparent 
a                       8 

d            h       in         s 

Aug.  1      15    17  21 
3      14  57  42 

1 
2 

2*  ,  2 

2*  ,  4 

+  0  ":.'5. M 
+  ()   19.83 

— 0  5 
+  3  33.4 

:;';,;,"  [6. 1 
4      2   4  7.1 

+  30 
+30  33.7 

r»9.431      0.223 

Mean   Places  for  1891.0  of  Comparison- Stars. 


*                       a 

Bed.  to 
app.  place 

8 

lied,  to 
app.  place 

Authority 

1 

3  55   2(i.l             -t  0.52 

4  2  26.7             +0.56 

+  30°    4.0 
+  30  30.1 

+  2.2 

+  2.3 

DM.  +29°  663 
DM.  +30°  623 

J«  measured  direct  with  the  micrometer  on  both  dates 


EPHEMBRIS  OF    VARIABLES  OF   THE    AIjGOL-TYPE. 

Approximate  Greenwich  M.T.,  1891. 


)'  Cygni 

August 

i     ii 
5  •_'() 

8  Librae 

August 

17    16 

FCygni 

August 
29   19 

September 

<1        h 

FCvgni                9     7 

/,'  Can.  Maj. 

September 

u        h 

19   16 

FCygni 

7     8 

FCygni 

17 

20 

V  Ophiuchi 

30    I  i 

I   Op chi 

Hi   13 

FCygni 

19   19 

i  Tauri 

7    13 

V  ( lephei 

18 

17 

FCygni 

31      7 

P  i  j  —  ii i 

in   l-.i 

1 '  ( lorouae 

7   20 

F  Cygni 

1!' 

8 

Algol 

31    10 

U  <  "i  onae 

1  1     8 

/■'  (  an.  Maj 

20  20 

Algol 
i '  (  ephei 

8   11 
8   18 

V  <  Iphiuchi 
FCygni 

20 
20 

14 
20 

1 '  ( iphiuchi 
8  Librae 

31    12 
31    16 

( "  ( Iphiuchi 
I!  ( Ian.  Maj. 

I  1     9 

II  17 

FCygni 
8  Librae 

21      7 
21    11 

)' Cygni 

8  l'ii 

1 '  i  Iphiuchi 

21 

in 

V  Ophiuchi 

1 2     6 

/    (  ephei 

22   15 

V  *  >phiuchi 

9    16 

I '  ( loronae 

21 

15 

September 

FCj 

12      7 

FCygni 

22   19 

FCygni 

10     8 

F  Cygni 

22 

8 

F  ( lygni 

1    ll> 

U  Cephei 

12    16 

\ 

- 

P"  Ophiuchi 

in   12 

Algol 

22 

19 

/;  Can.  Mai. 

2   15 

/,'  i  an    \ln 

12    21 

)   (  ygni 

i  Librae 

l(i   17 

i '  ( lephei 

23 

17 

U  Cephei 

2    16 

}  (  ygni 

18   19 

)'  C\ 

Algol 

11      8 

FCygni 

23 

19 

)'  Cygni 

•  i .    i 

8  Librae 

11    1 .". 

V  0| 

:  C.    1  2 

/.  Tauri 

11    12 

8  Librae 

21 

16 

/;  Can.  Maj. 

8    19 

Algol 

14  18 

S  1 

S«   is 

)'  Cygni 

11   20 

>  ( lygni 

25 

8 

/ '  ( lorouae 

I    11 

1   (  pgni 

15     7 

1  I 

:  7      7 

FCygni 

13     8 

£7  Ophiuchi 

25 

15 

)'  i  lygni 

1    19 

U  Ophiuchi 

15    11 

till  lli 

■ 

I   Cephei 

13   18 

Algol 

25 

16 

/,'  (  an    M    ■ 

I    22 

U  Ophiuchi 

16    l" 

l( . 

V  Coronae 

14    17 

1 '  <  Iphiuchi 

26 

1 1 

U  Ophiuchi 

5    [3 

1   i  ygni 

16   19 

/.■  (  an.  Maj. 

0"  Ophiuchi 
FCygni 

I  1    17 

II  20 

FCygni 

)' Cygni 

26 
28 

19 

s 

F  Cygni 
1 '  ( Iphiuchi 

6     7 
6     9 

D  Ophiachi 
S  Cancri 

17     6 

17      7 

r/t'n 

UOphiuchi 

15    13 

Algol 

28 

13 

8  Librae 

7    15 

» 

17   1  I 

YVx> 

FCygni 

16     8 

1 '  ( ' nae 

28 

13 

i   i  ephei 

7    16 

phei 

17    1". 

J7  Ophiuchi 

16     9 

i   i  ephei 

28 

17 

FCygni 

7   19 

1"  (  \  uiii 

18     7 

y  < : 
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The  members  of  this  annual  meteor  shower  were  looked 
,  the  evenings  of  August  8,  10  and  11  ;  Bhorl  watches 
of  an  hour's  duration  each  being  taken  on  che  8th  and  1  Ith, 
n  extended  watch  of  four  hours  secured  on  the  10th, 
the    probable   date   of    maximum   intensity.     The  9th  was 
cloudy.     The  sky  remained  clear  on  the  evenings  of  obser- 
vation, and  the  shower  was  found  to  be  quite  active,  and  of 
e  intensity,  the  meteors  falling 
at  the  average  rate  of  aboul  one  a  minute.    Their  persi 
to  grouping  was  noticeable,  as  during  former  displays,  and 
utly   intervals  of   four  or  five   minutes   would  occur 
withoul  a  single  meteor,  to  be  followed  by  the  simultaneous 

outburst  of  four  or  ■<■.     The  proportii f  Perseids  was 

considerably  greater  than  is  usually  the  case,  the  contempo- 
rary showers  and  sporadic  meteors  furnishing  but  a  small 
proportion  of  the  whole  number  recorded.  Of  those  noted, 
several  were  of  considerable  brilliancy,  and  three  were 
absolutely  stationary,  indicating  centers  of  radiation  at 
40°  +  55  .     I'-"      I   55°    -aw]     19      t   57|   . 

i    -three  tracks  were  mapped,  the  majority  being  very 

accurately  located.     Besides  the  centers  of  radiation  indi- 

bj  the  stationary  meteors,  which  positions  were  also 


THE    AUGUST    PERSEIDS,  L891, 

Bl    EDWIN   !•'.   SAWVKi; 

supported  by  several  of  short  tracks,  the  greater  number  of 
rt-path  meteors  mapped,  centered  on  the  main  po- 
sition as  at    ll,     -f  58°.     The   following   table  shows    the 
number  of  meteors  recorded. 


Date 
A  ug. 

Limits  of  Watch 

I  turation 

\ll  1  BORS  Si  BN 

Total 

Others 

8 

ll      1,1 
9  50  -    10  50 

ll 

1 

•; 

.'. 

11 

10 

9   15  -  10   15 

1 

37 

5 

42 

•• 

10   1".  -   11    15 

1 

50 

1 

54 

1115-121  5 

1 

r.i 

1 

:>:; 

" 

12   15  -   18   15 

1 

.-,ti 

3 

53 

11 

10  15  -  11    15 

1 

ll 

2 

13 

Total 

<; 

203 

23 

226 

Percent,  of  Perseids,  89.7;  of  other  mei -s,  10.3. 

The  magnitudes  of  those  recorded  were  as  follows: 
=  o  or  1J  >l»       l"         2» 
Perseids.     5         1         28         S"i 


Others, 

Total, 


0 


3" 

i* 

6" 

Total 

48 

41 

50 

203 

:; 

5 

9 

23 

26 


59 


226 


Meteoe  Tracks  Mapped. 


No 

Date 

Boston 

m.  r. 

Mag. 

Obsbkv 

•'.i>  Path 

Length 
of  Path 

Wt. 

Remarks 

From 

To 

. 

R.A. 

Decl. 

i;  a. 

Decl. 

1 

Aug.    8 

K>"l2" 

0 

150 

+  65| 

172 

+  531 

16 

4 

EStr.    1      -' '   :  green;  passed  between   \ 

t      Majori*. 

2 

10   29 

11 

.".7.1 

+  79i 

■:■::: 

+  82 

17 

4 

Streak  l  see.:  across  Polaris 

3 

.. 

10   48 

1 

21 

+  72 

32 

+  67i 

6 

4 

Not  a  Perseid 

1 

•■      10 

9   16 

5 

3  1 1 

+  654- 

347 

+  60 

6 

3 

Not  a  Perseid 

5 

l.           u 

9   22 

4 

1  15 

+  67f 

163 

+  62* 

9 

3 

Ended  at  a  Ursae  Majoris 

6 

.. 

9   29 

5 

10 

+  74 

355 

+  77 

5 

4 

Short  and  rapid 

7 

.. 

9  40 

5 

9 

+  .wi 

■) 

+  57 

8 

3 

8 

.. 

:•  45 

2 

0 

+  56l 

342 

+  534- 

11 

3 

Streak  1  sec. 

ll 

.. 

9  55 

5 

26 

+  62.V 

49 

+  60" 

11 

4 

From  sGassiopeae;  not  a  Perseid 

in 

.. 

9  58 

1 

49 

+  57-| 

0 

4 

Stationary  1  sec. 

11 

.. 

1 0     0 

1 

40 

+  S2 

230 

+  84 

14 

3 

Across  Polaris 

12 

.. 

10   11 

1 

43X 

*  52f 

60 

+  53 

10 

4 

Began  at  ;•  Persei;  not  a  Perseid 

18 

.. 

10  19 

U 

51 

+  59 

54 

+  59 

2 

4 

Very  short;  streak  1  sec. 

14 
15 

li)  22 
Kt  25 

5 

1 

40 
2  7', 

+  55 

+  .V4 

0 
5 

4 
4 

stationary  at  <  Persei;  i  sec. 

19 

+54 

16 

.. 

in    15 

1 

20 

+  83 

290 

+  85 

9 

3 

17 

.. 

in   is 

5 

9 

+  75 

343 

+  77^ 

7 

4 

18 

.. 

10  50 

5 

19 

+  591 

12 

+  60 

4 

3 

From  &  to  ;  Oassiopeae 

19 

. . 

11      tl 

1 

25 

+  SI) 

310 

+  85 

10 

4 

Streak  1J  sec. 

20 

. . 

11     3 

2 

170 

+85 

198 

+  79 

7 

4 

21 

.. 

11     4 

1 

29 

+  45 

25 

+  41 

5 

4 

22 

.. 

11      7 

2 

9 

+  63* 

24 

+  63 

7 

4 

Not  a  Perseid 

23 

.. 

11   10 

3' 

36 

+  52 

31 

+  47 

6 

4 

24 

" 

11    13 

2 

10 

+  60 

354 

+  57i 

9 

4 

Across  /J  Cassiopeae 

25 

It 

11    17 

4 

55 

+  63± 

60 

+  65 

3 

4 

26 

CC             K 

11   20 

2 

52 

+  52  A- 

57 

+  49 

4 

4 

27 

((             £< 

11    25 

4 

50 

+  5l" 

54 

+  48  J 

3 

4 

T  II  E     A  S  I  BONO  .M  I  (    A  I.     J  01    K  N  A  I. 


Boston 

1  ibsi  k\  ed  Path 

Length 
of  Fatb 

Wt. 

No.              uare 

From 

To 

R.A.      Decl. 

R.A.     t>ecl. 

28 

Aug.  10          11  28 

1 

26Q 

240      -71 

11 

1 

. 

29 

.. 

li    30 

2 

14      +55 

5     +52 

6 

4 

30 

" 

11   37 

1 

37     +59 

52|   +61 

3 

3 

Short  ;  streak  \  sec. 

31 

11      12 

3 

17      +60 

50     +62 

3 

4 

Short 

32 

.. 

1 1    13 

1 

60      +64^ 

1 

4 

33 

.. 

11    -17 

5 

25     +  62§ 

17.; 

4 

4 

Beg 

:;i 

u 

11    .Mi 

1 

13      +54 

358J 

11 

4 

35 

■• 

1 2     5 

1 

17     +59| 

50     +  614, 

2 

4 

Very  short  ;  streak  1 

36 

.. 

12     8 

1 

II".     1  55 

11 

4 

Stationary  :   1  sec. 

37 

.. 

12    10 

1 

32     +  1 1 

25 

11 

4 

38 

i. 

12  20 

4 

20     +57$ 

10      +55 

6 

4 

. . 

12  35 

2 

34     +57| 

30 

2 

1 

Very  shot t  ;  ac  —  6  /'• 

40 

12  35 

2 

52     +58 

5  7     +57 1 

3 

4 

- 

■11 

12  40 

1 

39      - 

•      +47£ 

3 

4 

Short ;  streak  l  sec. 

42 

12  50 

1 

45     +40 

46J  +33i 

7 

1 

13 

(C 

12  50 

4 

44|    +60£ 

44}    +62" 

2 

4 

short 

H 

.. 

12  ."..". 

1 

13     +60 

43      +61J 

2 

4 

short 

45 

.. 

13     9 

4 

37      +59 

32      +61" 

3 

1 

Short 

46 

..    .. 

2 

63*  +54 

70     +52 

5 

1 

47             •■        ••           L3    14 

3 

40"    +54 1 

-  5  1 

1 

1 

Nearly  stationary 

48 

••      11           10  35 

1 

327     +57] 

312     +4  7i 

14 

1 

Long  path 

19 

10  37 

3 

15      +56 

0 

4 

Stationary  ; 

.Mi 

[0    Hi 

2 

21      +65 

357      +69 

10 

3 

.'.1 

in  50 

1 

52 

5  7      -.V.!-. 

2 

4 

Very  short 

.".'.' 

.. 

3 

17'    +61" 

53i  +64£ 

3 

1 

Short 

53 

11      ii 

1 

48      +65 

•VJi    -  70 

5 

1 

Of  tin'  six  mapped  on   the  llth.  one  was  stationary  at  I  (  e,   afterwards    in    /'■  !  lumn   of 

1.  .      Center    of    observation    before    10h    was    in     weights,  4  indicates  an  accurate  observation,  1  a  poi 

B  ighi     .  Mass.,  1  89 l  August  'J<>. 


THE    CAUSES    OF    THE    VARIATIONS    OI     THE     TERRESTRIAL     MAGNETIC 
NEEDLE,    AND   THE    UNEXPLAINED   MOTION    OF   THE 
PERIHELION    OF    MERCURY, 


By  Kli.YMv    II     BIGELOW. 


A.8  the  result  of  my  study  on  the  theory  of  Terrestrial 
Magnetism  and  the  Variations  of  the  Magnetic  Needle,  I 
have  shown  that  the  solar  radiations  are  t<>  be  regarded  as  a 
uniform  magnetic  field  directed  positive  towards    the  Bun. 

The  astroi lical  motions  of  the  earth  in  this  Geld  cause  the 

variations  of  the  direction  of  the  lines  of  force  at  the  sur- 
face of  the  earth  polarized  like  a  magnet.  The  variations 
theoretically  due  to  the  coronal  Geld  arc  of  a  lower  order, 
and  can  be  detected  only  by  rigorous  computations.  The 
law  lying  behind  the  theory  is  also,  as  with  the  solar  corona, 
the  Newtonian  Potential  Function  in  the  case  of  repulsion. 

My  results  have  been  derived  from  the  discussion  of  ob- 


servations   made    in  June,    1883,    simultaneously  at    Point 
Barrow,   Port   Rae,   Knigua   Fjord,   Jan   V 
Sodankylfi,  Pawlowsk,  Wilhelneshaven,  Vienna,  Till  - 
kei-wei,  ( lape  Horn,  South  ( reorgien.     The  distu 
are  illustrated  by  a  model  which  displays  the  connect 
tween  the  observations  and  the  theory. 

I  will  point  out  the  logical  consequence  that   - 
netic  force  actiug  toward  the 

kind  required  to  explain  the  outstanding  movement  in  the 
perihelion  of  Mercury,  not  already  included  in  the  I 
gravitation. 


Washington,  D.G.,  1891   August. 


Ill 
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OBSEB  V  A  TIO  N     < )  1      WOL  V '  S     C O M  E T  ass4  in,, 

MAD!     ai     mi:   D.8.    NAVA1    OBSERVATORY    WITH    mi    9. 6-INCH    EQUATORIAL, 

By  E.   FRI8BY. 
[C municated  by  the  Superintendent.] 


1891  Washington  M.T. 

* 

No 

&/ —  ^                                 £/*  apparent 
Ja                   /S                       a                        8 

for  u      1         lor  i) 

July   11 

1 

16  ,  I 

—  l"  21 

—  1   25.3 

i    16  n.i: 

*  27 

n9.688      0.589 

Mean   Plaa  for  1891.0 

of  Comparison- Star. 

*                   a 

Red    to 
app.  place 

8 

tted.  to 
app.  place 

Authoritj 

1 

1    I  ?   20*49 

I  0*.69 

+  -7      -l     l.;.:i          _1.0 

W.B.  1.  307 

CORRIGENDA. 

No  244,  p.  25,  col.  l.  line  10,    for    v'  the  true  anomaly,    put    -V  the  mean  anomaly. 

dv'     n'..i     llM 
nut      . 

2- 


pttt 


ADVERTISEMENT. 

A  volume  of  the  Astronomical  Journal  consists  oi  twenty-four  numbers,  with  table  of  contents  and  alphabetical  index. 
The  price  of  subscription  is  $5.00,  payable  in  advance,  to  which  is  to  be  added  the  expense  of  postage,  when  the  address 
is  t<>  countries  nol  in  the  international  postal  union. 

Some  copies  of  earlier  volumes  are  still  remaining,  and  all.  excepting  the  first  three,  may  be  obtained  at  the  same  price. 
Single  numbers,  when  available,  will  be  furnished  at  $<»."2o  each,  but  only  for  the  purpose  of  completing  sets. 

No  discount  is  made  to  booksellers  ;  but  remittances  can  be  conveniently  sent  by  postal  money-order  to  the  Editor,  at 
Cambridge,  Massachusetts.  If  made  by  checks,  it  is  requested  that  these  be  drawn  upon  some  bank  in  the  New  England 
States,  or  in  the  cities  of  New  York,  Philadelphia.  Washington  or  Chicago. 
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ORBIT   OF   THE    DOUBLE-S 

By  S.  GLASENAPF 
The  first  micrometrical  measure  of  this  double  star  was 
made  by  W.  Strove  in  1825.  The  relative  motion  seemed 
to  be  rectilinear,  bul  Mr.  S.  W.  Burnham  (Sidereal  Messen- 
ger, 1891  February,  p.  72)  has  shown  that  during  the  last 
years  the  angular  changes  win  s,>  considerable  that  the 
supposition  of  an  orbital  motion  is -more  probable  than  a 
rectilinear. 

In  view  to  obtain  an  exact  orbit  of  this  binary  star,  J 
have  collected  the  following  observations  : 

PosmoH  '.i  .£186  fob  1891.0. 

a  =  1!    50"'   16  .  5  =  +1°   !8'.5. 

Mag.  7.1'  — 7.2.  paulo  minor. 


TAB    2  lsc. 


(  m-.-i  u\  \  riONS  "i    2  186. 


T 

6 

<T 

i  Ibserver 

1825.81 

60.0 

L37 

V 

30.66 

56.95 

1.2:; 

11 

.92 

245.6 

1.22 

V 

81.80 

56.24 

0.96 

II 

82.79 

68.3 

l.li) 

V 

33.83 

62.9 

1.5 

Sin. 

34.94 

65.0 

1.18 

V 

11.70 

i;i.:; 

0.97 

V 

.7o 

242.8 

1.11 

0.£. 

12.77 

69.24 

0.826 

Ma, 11. 

14.48 

CI. 23 

0.80 

Mfidl. 

46.11 

68.2 

0.82 

0.2 

51.88 

single 

single 

V 

55.90 

72. .so 

obi. 

Dr. 

56.50 

75.0 

0.7 

Da. 

57.08 

7s.7o 

obi. 

Dr. 

.:•-.' 

87.0 

o.l 

- 

59.81 

81.06 

II..-, 

Da. 

.si 

cont. 

Se 

62.73 

;is    I, 

obi. 

De. 

63.85 

85.0 

n.:; 

Se. 

.m; 

85.15 

0.:; 

Da. 

.89 

120.0 

ol.l. 

d. 

66.05 

96.0 

- 

Se 

67.62 

_ 

(.hi. 

De. 

1878.98 

- 

0.5 

w  ,S. 

T 

6 

<T 

rver 

1874.90 

1  15.7 

0.28 

Newc. 

76.99 

single 

Schiap. 

77.93 

- 

0.3 

78.87 

169.0 

79.89 

0.50 

0.31 

111. 

80.02 

- 

- 

V7.S. 

205.85 

0..", 

H.  Struve 

87.02 

o.27 

Sch. 

87.89 

- 

0.45 

11.  Struve 

.:>7 

27.19 

0.39 

K.    Tan-. 

88.05 

Schiap. 

1890.88 

22  7.1 

0.31 

Tin-  observations  of  Mr.  II.  Strtjvi  are  made  with  the 
large  80-inch  refractor,  at  Poulkova,  and  were  communi- 
cated to  me  personally. 

It  is  in  in1  regretted  thai  tin-,  star  ha-  nol  been  observed 
continual!}'.  I  could  not  find  any  measure  during  nine  years 
between  1866.0  and  1*7  I. 'J  ;  the  star  was  uol  measured  also 
during  seven  years,  between  1879.69  ami  Iss,;.:^.  jU8(  ;1t 
these  intervals  the  angular  changes  were  considerable,  and 
exact  measures  would  have  given  a  more  precise  material  for 
the  investigation  of  the  orbit. 

From  the  above  observations  1  obtain  the  following  annua] 
arithmetical  means,  which  are  reduced  to  the  Bq.  I 


T 

6 

ft. . 

6 

<T 

» 

1825.81 

1.37 

61.27 

61.45 

1.22 

31.80 

56.24 

56.41 

32.79 

1 . 1 1'. 

- 

62.9 

4-0.17 

1..". 

34.94 

!'..">.  17 

1.18 

41.70 

62.05 

+  0.15 

62.20 

l.oi 

12.77 

1  1.48 

•  01  1 

- 

16.11 

4-0.1  1 

1  80 

-  0.11 

72.:' 1 

" 

42 
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Prei 

e 
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<T 
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4  0.11 

75.1] 

0.7 

57.47 

+  0.11 

82.96 

0.4 

59.82 

82.03 

4  o.iO 

82.18 

0.5 

62.78 

98.0 

98.09 

- 

68.87 

96.72 

+0.09 

96.81 

0.3 

66.05 

96.0 

06.09 

- 

7;;.:'.", 

_ 

+0.07 

- 

0.5 

74.90 

1  15.7 

+  0.06 

l 15.76 

0.23 

77.:':; 

_ 

+0.06 

- 

0.3 

78.87 

[69.0 

|  0.05 

169.05 

0.3 

79.89 

180.50 

+0.05 

180.55 

0.31 

86.97 

202.46 

•  0.08 

202.49 

0.38 

87.97 

206.07 

+  0.03 

206.10 

0.37 

1890.88 

227.1 

+  (i.02 

227.12 

0.31 

These  observations  contain,  undoubtedly,  considerable 
occasional  and  personal  errors;  therefore  it  will  be  very 
difficult  to  obtain  an  exact  orbit.  The  construction  of  nor- 
mal positions  will  facilitate  the  problem.  We  divide  the 
above  measures  in  nine  <iic>ii|>*.  and  take  in  each  of  them 
arithmetical  means,  which  we  consider  as  normal  positions. 
They  are  placed  in  the  following  table  ;  the  number  of  the 
last  column  (  n  )  is  equal  to  the  number  of  the  annual  means 
from  which  is  formed  each  normal  position. 

Normal   Positions  of  the  Companion  .T186. 


r 

6 

<r 

n 

1825.81 

60.2 

1.37 

1 

32.83 

62.9 

1.20 

5 

13.69 

65.3 

0.87 

4 

56.20 

74.0 

0.70 

2 

58.64 

82.5 

0.45 

2 

64.22 

97.0 

0.30 

3 

74.90 

145.8 

0.34 

3 

79.38 

174.8 

0.31 

2 

1888.61 

211.9 

0.35 

3 

The  investigation  of  the  orbit  was  made  by  the  method 
which  1  exposed  in  the  Monthly  Notices  of  the  R.A.S.,  Vol. 


XI. IX.  p.  278,  and  in  a  paper,  •■  Orbites  </. t  6toiU '■»  <loxibles 
<lu  catalogue  6a  PouBcova"  s'.  Pdtersbourg,  1889.  I  ob- 
tained a  system  of  provisional  elements,  and  then,  comparing 
them  with  the  normal  positions.  I  have  determined  the  cor- 
rections of  Q  and  i,  and  finally  obtained  the  following 
elements  : 

Kl.KMl.NIS    OF    —   I  86. 

a.  =  *f'?}Eq.  1900.0 
i  =  72  .1  j      ' 

;.  =   192.4 

e  =  0.300 
T  =  1752.61 
■  u  =  1 50.8  yeai  a 
a  =  0".90 
Motion  direct. 

All  the  calculations  were  controlled    by  my  friend.  Mr.  P. 
ShAPOVALOFF,  at  St.   Petersburg. 

Comparison  of  the  Elements  with  the  Observations. 


T 

do 

0c 

0<,-6c 

<To 

"> 

a„  —  crc 

1825.81 

60/2 

58J 

+  2.\ 

l'.37 

1.16 

+0.21 

32.83 

62.9 

61.2 

+  1.7 

1.20 

1.11 

+  0.09 

43.67 

65.3 

66.8 

—1.5 

0.87 

0.97 

—0.11 

56.20 

74.0 

77.4 

—3.4 

0.70 

0.69 

+  0.01 

58.64 

82.5 

80.6 

+  1.9 

0.45 

0.63 

—0.18 

64.22 

97.0 

91.2 

+  5.8 

0.30 

0.48 

—0.18 

74.90 

145.8 

144.0 

+  1.8 

0.34 

0.27 

—0.07 

79.38 

174.8 

177.6 

—2.8 

031 

0.30 

+  0.01 

1888.61 

211.9 

215.0 

—3.1 

0.35 

0.49 

—0.14 

Though  the  differences  between  the  observations  and  the 
elements  are  not  considerable,  I  think  that  a  definitive  con- 
clusion on  the  orbit  can  be  obtained  only  at  the  end  of  the 
present  century,  when  the  angle  of  position  will  have  de- 
scribed an  arc  of  200°. 

Astronomers  possessing  large  telescopes  should  give  at- 
tention to  this  interesting  double  star. 


MEASURES   OF   THE   POSITION-ANGLES   OF   THE  RINGS  OF   SATURN, 

By  E.  E.  BARNARD. 


The  past  apparition  of  Saturn  gave  a  good  opportunity 
for  a  redetermination  of  the  inclination  of  the  rings.  For 
this  purpose  I  began  a  series  of  measures  of  position-augles 
in  March,  with  the  12-inch  equatorial.  These  have  been 
kept  up  until  the  low  altitude  of  the  planet  made  it  unad- 
visable  to  continue  the  measures.  In  all,  thirty  nights'  ob- 
servations were  obtained. 

In  the  observations,  the  eyes  were  kept  parallel  with  the 


major  axis  of  the  rings.  A  number  of  observations  with  the 
eyes  at  right-angles  to  this,  showed  no  sensible  or  real  dif- 
ference in  results  by  the  two  methods. 

A  magnifying  power  of  175  was  used  throughout.  Ex- 
periments with  500  diameters  showed  a  strict  agreement 
with  the  measures  made  with  the  lower  power.  The  set- 
tings, however,  were  easier  with  175,  since  both  ends  of  the 
rings  could  be  seen  at  ouce,  while  with  the  higher  power  it 
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was  necessary  to  glance  from  one  end  of  the  rings  to  the 
other  in  setting  the  wires.  When  the  measures  were  begun 
the  rings  were  somewhat  open  ;  the  extreme  ends  of  these 
were  bisected.  Later,  however,  tin-  rings  became  more 
linear,  and  the  wires  could  lie  placed  with  more  certainty. 

Usually  live  settings  were  made.  The  average  time  re- 
quired for  all  the  settings  of  each  night  was  live  minutes. 

The  observations  are  corrected  for  refraction  through  the 
••parallel"  determinations.  On  each  night  this  parallel  was 
obtained  by  some  star  very  near  to  Saturn,  and  when  no 
star  was  near  enough,  the  planet  itself  was  used.  Two  set- 
lings  were  always  made  for  these  values.  Determinations 
immediately  before  and  after  the  measures  showed  no  sensible 
difference  in  the  parallel. 

These  observations  alone  cannot  determine  the  inclination 
of  the  lings,  without  a  knowledge  of  the  accurate  time  of 
their  disappearance,  which  cannot  lie  observed  this  year,  the 
planet  being  with  the  sun  at  the  critical  lime.  I  have,  there- 
fore, decided  to  publish  the  observations  as  a  correction 
to  the  position-angles  derived  from  the  data  given  in  the 
American  EpJu  meris.  They  will  be  available  for  a  determi- 
nation of  the  inclination  when  the  position  of  the  plane  of 
the  rings  becomes  better  known. 

During  these  observations,  and  at  other  times  throughout 
the  opposition,  no  spots  of  any  kind  were  seen  on  the 
planet,  although  it  was  observed  with  all  magnifying  powers 
under  the  most  favorable  circumstances.  No  unaccount- 
able phenomena  were  witnessed  as  the  rings  closed  in.  Per- 
haps some  of  the  singular  phenomena  that  have  been  noticed 
during  similar  phases,  at  previous  disappearances,  could  be 
traced  to  imperfect  seeing. 

From  the  residuals,  it  appears  that  the  probable  error  of 
a  single  night's  observations  was  ±0  .15,  and  the  probable 
error  of  the  thirty  nights'  work,  ±0t'.028.  These  observa- 
tions, therefore,  give  the  correction  to  the  position-angles 
derived  from  the  American  Ephemeris, 

— 3'.36  ±  1'.68. 
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The  number  of  individual  settings  of  the  wires  is  given  in  the 
column  ■•  Set."    The  steadiness  of  '.lie  image  is  indicated  in  column 
"See."    On  this  scale  .">  would  be  perfi       seeing  or  s 
The  last  column  contains  the  residuals  from  a  comparison  with  the 
America! 

Mt.  Hamilton,  1891  August  24. 


ANCIKNT  (  IIKOXOLOGY    AND    ECLIPSES, 

f,v   \V.   T.    I.YNX. 

As  Mr.  Stockweli.  does  me  the  honor  to  refer  to  me  in  authors  of  I.'. I           Viri                                 -         tisfactorily 

hi--  article  in  No.  21 1  of  the  Astronomical  Journal  on  the  proved  it  (see  their  Vol.  I.  pp.  xxiii  and  xxxix)  that  farther 

above    subject,    may   1    ask  the  favor   of  the   insertion  of  discussion  was  unnecessary, 

these  few  lines?  1.     Mr.  Stockwkll  refers  to  tin                     31  as  that  of 

In  tin-  iii-t  place.  I  must  acknowledge  an  inadvertence  in  Cilia's   triumph   for  his  successes  in  the   Mithridatic  War. 

my  letter  iii  tin-  June  number  of  The  Observatory.     In  lines  That  year  undoubtedly  corresponded  to  a  bissextile,  and  as 

eight  and   nine   of   that   letter  1  should    have  written  that  the  we  are  told  that  the  Olympic  games  (except  the  1 

years  in  which  the  Olympic  festival  was  celebrated,  followed  were  suspended  by  older  of    SULLA,  that  the  Greek  at: 

(not  '•  preceded  "  )  by  one  year  those  which  were  bissextile  in  might  take  part  in  the  spectacles  exhibited  by  him  at  Home. 

the  Julian  calendar.     This  I  did  not  give  as  the  opinion  of  Mr.  Stockweu  argues  that  that  year  was  also  a  year  in 

myself   or   any  one   else,   but   stated  that   I  considered   the  which  the  games  were  due.     Ari-ivs  is.  I  believe,  th 
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authority  for  the  suspension  of  the  games.     He  does  uot 

i ect  it  with  Sulla's  triumph,  nor  could  il   have  been  al 

the  same  time,  because  the  latter  was  al  the  beginning  of 
February,  and  the  games  were  always  held  al  mid-summer. 
Sulla  did  nol  resign  bis  dictatorship  until  B.C.  7:'.  and  the 
spectacles  in  question  may  have  been  shown  in  B.C.  80. 
Aitiw  expressly  says  thai   Sulla's  obj eel  was  to  give  the 

people  a  long  resl  from  warlike  < tests  and  feelings. 

•_'.     Mr.  Stockwell   Bays  thai   the  year  of  the  birth  of 
Augustus  Caesar,  and  of  the  taking  of  Jerusalem  by  Poh- 

pey,  »a>  B.C.  65,  "Inch  corresp led  to  a  bissextile;  and 

says  thai  historians  tell  us  thai  these  events  happened  in  the 
first  year  of  the  one  hundred  and  seventy-ninth  Olympiad. 
The  only  historian",  I  believe,  who  gives  the  Olympiad  of 
the  capture  of  Jerusalem  is  Josephus.  He  dues  not  men- 
tion what  year  of  the  quadrennial  period  of  the  Olympiad 
it  was  in,  leaving  that  to  be  inferred  from  the  consulate. 
The  year  was  a  remarkable  one  in  several  respects,  being 
also  that  of  the  conspiracy  of  Cataline.  There  is  little 
doubt  thai  it  was  B.C.  68,  not  65.  Mr.  STOCKWELL  refers 
to  Josephus   as  saying  that  Augustus  was  seventy-seven 

Blackheath,  London,  S.E.,  1891  August  II. 


al  the  time  of  his  death,  ami  as  be  contends  thai  the  latter 
evenl  urred  in  A.I).  13,  he  thinks  this  a  greal  confirma- 
tion of  his  view.  But  surely  on  such  a  poinl  the  authority 
of  Si  i  roNii  a  is  far  preferable  to  thai  of  Josephi  s,  and  the 
former  says  distinctly  thai  Augustus  was  in  his  Beventy- 
si\ih  year  at  the  time  of  his  death.  Taking  his  birth  as 
63  (=  — 62).  I  contend  that  this  completely  confirms 
the  view  that  he  died  in  A.I).  14. 

3.  Space  docs  not  allow  much  reference  to  Mr.  Stock- 
well's  third  poini.  the  dale  of  Caesar's  Spanish  War.  I 
gave  no  translation,  bu1  the  original  passage,  and  still  think 
that  "  bora  VI "  by  itself  means  midday,  and  thai  the  his- 
torian does  nol  mean  thai  Caesab  waited  (that  word  is  not 
in  the  original)  for  moonlight  and  made  a  night-inareh.  but 
that  he  thought  it  a  somewhat  remarkable  circumstance  that 
the  small  crescent  moon  was  distinctly  visible  in  the  middle 
of  the  day. 

4.  A-  Mr.  Stockwell  makes  no  further  mention  of  the 
battle  of  Pydna,  I  presume  second  thoughts  have  shown  him 
that  his  suggestion  to  alter  the  received  date  of  that  battle 
by  four  years  is  untenable. 
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6  52   14.5 

9.91356 

4.5 

22 

27.7.". 

13 

51   44.0 

11.5 

37 

0.89 

7   1  7  45.5 

5 .  5 

21 

52.48 

14 

12.5 

36 

28.59 

7  42  39.1 

9.91695 

6.5 

21 

18.19 

14 

? 

13.5 

35 

55.09 

8     6  54.4 

7.5 

20 

44.94 

14 

11    5  1.7 

14.5 

35 

20.49 

8  30  30.4 

9.92074 

8.5 

20 

12.78 

14 

21    17.1 

14 

15.5 

34 

1  1.89 

8  53   26.2 

9.5 

19 

41.79 

11 

27     0.3 

16.5 

34 

8.38 

9  15  41.0 

9.92492 

10.5 

19 

12.01 

14 

32     5.1 

9.99921 

17.5 

1  33 

31.07 

—9  37   14.2 

11.5 

1    is 

43.49 

—14 

36  32.5 

OX   THE   RIGHT- ASCEE 

By  GEORGE  C. 
My  attention  bas  recently  been  called  to  the  tabular  right- 
ascension  of  this  star  as  given  in  the  Berliner  Jahrbuch  by 
the  systematic  discordance  between  clock  corrections  derived 
from  it  and  from  other  stars  situated  in  the  same  part  of 
the  heavens.  In  view  of  the  revision  of  the  star-places  of 
Ai  ui.ks's  Fundamental  Catalog,  which  may  lie  expected  at 
no  very  distant  date,  it  does  not  seem  advisable  to  make  an 
exhaustive  discussion  of  all  the  material  available  for  a  de- 
termination of  this  right-ascension,  but  I  have  collated  the 
determinations  of  the  better  clasr,  which  are  must  readily 
accessible  to  me.  Using  the  elements  of  the  star's  motion 
given  in  the  Fundamental  r.i/. </</,/  I  obtain  the  following 
values  of  the  right-ascension  for  the  epoch  1875.0. 


Authority 

Epoch 

Obs. 

Syst. 
Corr. 

R.A.  •:.'. 
17*  51™ 

Corr'd    w, 
R  \      wt' 

Bradley 

175  1..", 

2 

0.00 

22.57 

33      o 

Sti  live 

l.s-.'K  ?) 

18 

+    .02 

22.88 

22.06      2 

Pond 

1830(  ?) 

8 

—  .0:1     22.86 

22.08          1 

Pnlkowa  '  1 5 

1848.1 

51 

+    .0  1      22.21 

22.04         2 

Pulkowa  '65 

1865.6 

II 

.00     22.13 

22.07      :; 

Rogers 

1874.4 

25 

.00 

22.07 

22. o;      :; 

Ten  YearCatal 

1881.2 

5 

+   .06 

22.02 

2 -J.  oc,      1 

Brown 

1888.9 

5 

.00 

21.911 

-      ■_' 

si  ox  of  ;di;a  corns, 

1  OMSTOI  K. 

The  last  determination  of  the  table  is  the  result  of  un- 
published observations  made  with  the  meridian  circle  of  the 
Washburn  Observatory,  in  the  years  1888-89,  bj  Pi 
S.  •'.  Brown,  U.S.N.  The  systematic  corrections  contained 
in  the  table  above  have  been  applied  to  the  catalogue  places. 
The  sequence  of  the  numbers  in  tin-  column  R.A.  1875  indi- 
cates clearly  that  the  proper  motion  adopted  in  the  / 
mental  Catalog,  -r-0*.0169,  is  considerably  in  error,  and 
from  a  graphical  treatment  of  the  data  I  find  as  the  correc- 
tion to  this  quantity,  lu  =  — 0s. 0062.  Correcting  the 
several  right-ascensions  for  this  change  in  the  proper  motion, 
I  obtain  the  quantities  given  in  the  column  "Corr'd  K.A." 
I  have  assigned  t"  the  several  determinations  the  weights 
given  in  the  last  column  of  the  table,  ami  find  as  the  mean 
result,  for  the  epoch   187 


R.A.   =   1 7*  51" 


n  =  J 


The  resulting  correction   to   the   tabular  right-ascension  of 
thi    /.'■  ■  Jahrbuch  is 

Ju  —  — OMi'.",  _0'.0062  1  7'-  1875). 
At  present  tin'  tabular  right-ascension  is  nearly  a  quarter 

■nd  in  error. 


Washburn  Observatory,  1891  September. 
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o\    A    CLASSIFICATION    OF 


I  bave  Devei  seen  auy  classification  of  the  short-period 
comets,  arranged  according  to  their  physical  peculiarities. 

Such  :i  claBsificati it  seems  to  me,  would  be  valuable  in 

m'\  eral  direct  ions. 

These  comets  can  be  readily  divided  into  two  distinct 
classes,  and  perhaps  into  three.  My  experience  does  not 
extend  over  a  sufficiently  great  length  of  time  to  classify 
many  of  these  bodies,  but  it  might  be  well  to  identify  even 
the  few  i  hat  I  am  Familiar  with. 

To  ili«'  Brsl  of  these  classes  I  would  assign  those  comets 
which  are  large,  round  and  very  gradually  brighter  in  the 

middle,  with  no  special  c lensation,  and  of  a  very  diffused 

nature.  Thej  are  from  one  i"  several  minutes  in  diameter, 
and  have  no  nucleus  or  tail.  These  are  distinctly  periodic, 
indeed,  1  have  seen  no  representative  of  this  class  that  was 
not  periodic.  So  characteristically  peculiar  are  these  in 
appearance,  that  I  would  venture  a  prediction,  upon  a  mere 
telescopic  inspection  alone,  that  the  object  was  a  periodic 
comet.  Trusting  to  this  peculiarity,  1  predicted,  at  the  first 
observation,  that  the  comet  discovered  by  Swift,  1889  Nov. 
16,  was  of  short  period  (see  A.  J.  207).  A  similar  pre- 
diction  was  made  at  the  first  observation  of  D'Arrest's 
comet  in  1890,  when  1  supposed  the  discovery  was  an  eu- 
t  ii  elj  m\v  comet  (  see  .1. ./.  227) . 

There  are  very  few  nebulas  that  resemble  this  class  of 
comets. 

In  this  Class  I  1  would  ]uit  the  following  comets: 

1  ('Arrest's. 

Swiii's,  L880  (Tempel,  1869). 

Barnard's,  1884  II. 

Be es's,  1886  IV. 

Swift's,  1889  VI. 

To  this  class  also  belongs  the  comet  discovered  by  me 
1889  June  23  (III),  to  which  Dr.  Berberkii  has  assigned 
a  period  of  128  years.  Certainly,  from  the  appearance  of 
Encke's  comet  when  first  seen  this  year  on  Aug.  1.  it  should 
be  classed  with  the  above,  tmt  later  it  usually  develops  a 
strong  condensation  and  a  small  tail.  Perhaps  it  belongs 
to  a  third  class  ;  it  certainly  does  not  belong  to  the  second. 
The  most  distinctive  members  of  the  first  class  are  D'Ar- 
ri  sis,  swirt's  1880,  Brooks's  1886  and  Swift's  1889.  My 
comet  of  1884,  at  the  first  stages  of  its  appearance,  was  a 
perfect  example  of  Class  /,  but  later  it  became  strongly 
condensed,  and  might  be  assigned  to  a  third  class  with 
Encke's,  for  it  in  no  way  resembled  the  members  of  Class  II. 
P«'-haps  it  and  Encxe's  comet  should  be  assigned  to  ('loss  I. 
30'5  *r?fol  August  SI. 


THE    PERIODIC   COMETS    BY    THEIR    PHYSICAL 
APPEARANCE, 

It  v     B.     E.     BARNARD. 

with  a  slight  modification  of  the  description  to  suit  all  stages 
of  their  visibility. 

It  is  not  possible  to  follow  comets  of  Class  1  any  very 
great  distance,  for,  from  their  large,  diffused  nature,  they 

soon  become  lost  in  space.  A  very  large  telescope  is  of  no 
special  value  in  following  them,  and  it  is  safe  to  predict 
that   lion.'  of  them  will  ever  be  seen  near  aphelion. 

The  second  is  a  much  larger  am!  less  exclusive  class.  To 
this  I  would  as~i;_;n  those  comets  which  are  comparatively 
small,  and  which  have  an  indefinite  central  bright  lies-  or 
nucleus,  and  which  often  have  an  incipient  bushy  tail.  The 
principal  characteristics  of  these,  however,  an- their  small- 
ness  ami  indefinite  nuclei.  These  peculiarities  are  more  pro- 
nounced when  the  comet  is  coming  first  into  view,  or  is 
disappearing.  Many  of  the  parabolic  comets  resemble  these, 
and  there  are  hundreds,  and  perhaps  thousands  of  nebulas 
just  like  them  in  appearance. 

To  this  Class  II   1  would  assign 


Fat's. 

Wolf's  1881  III. 
Fini.ay's  I8.sC,  VII. 
Brooks's  1889  V. 
Spitai.er's  1890. 

Observations  of  this  class  of  comets  can  be  made  with 
more  precision  than  of  those  of  the  first  class,  and  their 
orbits  ought  consequently  to  be  better  known. 

Identical  in  appearance  with  these,  are  comets  18891  and 
1889  II.  The  first  of  these  has  proved  to  be  hyperbolic, 
and  the  second  has  been  assigned  an  elliptic  orbit  of  very 
long  period,  by  Millosevich. 

When  receding  from  the  sun  these  comets  become  very 
small,  scarcely  anything  remaining  in  sight  but  the  small 
indefinite  stellar  brightness  which  is  characteristic  of  them. 
This  can  be  followed  to  very  great  distances,  the  almost 
stellar  nature  of  the  central  brightness  giving  full  scope  to 
the  superior  power  of  the  great  instruments  of  to-day.  That 
some  one  of  these  comets  will  be  followed  completely  around 
its  orbit  some  day,  is  only  a  matter  of  a  reasonable  increase 
in  our  present  telescopic  power. 

Comet  1889  I,  an  exact  counterpart  of  this  class,  was 
followed  here  with  the  36-inch  refractor  beyond  the  aphelion 
distances  of  most  of  the  short-period  comets.  It  was  an 
easy  object  at  a  distance  of  6.25. 

Whether  the  peculiarities  of  these  two  distinct  classes  of 
short- period  comets  permits  any  speculation  as  to  their  rela- 
tive ages,  it  is,  perhaps,  too  early  in  the  history  of  any  of 
them  to  be  able  to  tell. 
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OBSERVATIONS    OK    VARIABLE    STARS,    IS!H. 


Iiv  PAUL  s. 
2478  B  Lyncis. 
A  series  of  niue  observations,  from  1891  April  27  to  May 
28,  shows  a  well-defined  maximum  to  have  been  passed  on 
May  18.7.     The  star's  light  was.  by  eye-estimation,  8U.0  ± 
at  maximum. 

3796  UHydrae. 
Eleven  observations  of  UHydrae,  from  March  29  to  May 
6,  show  a  maximum  of  5K.4  to  have  occurred  on  May  11.6. 

4") 21  R  Virgin  is. 
Seven  observations  of  this  star  have  been  obtained   be- 
tween May  3  and  June  25  ;  these  indicate  a  maximum  about 
June  10. 

4557  S  Ursae  Major  is. 
When    first    observed,    on  April  28,  S  Ursae   was    about 

1 1 M . 0  by  estimation  ;  it  rose  rapidly  and  pretty  steadily  to  a 
maximum  of  7M.fi.  which,  according  to  my  observations,  25 
in  number,  was  passed  June  29  ;  the  star  has  since  slowly 
and  steadily  declined,  until  on  Sept.  2,  its  estimated  magni- 
tude was  8.8. 

5770  /.'  Herculis. 
Eight  observations  of  this  star,  from  April  29  to  Sept.  4, 
indicate  a  maximum  on  August  24.5.  The  maximum  phase 
was  sharply  marked,  the  increase  and  decrease  both  being 
rapid  and  apparently  regular;  the  greatest  observed  light 
was  .V.."*. 

Dorchester,  Mass.,  1891  September  5. 


VKNIir.I.I.. 

5955  I!  Draconis. 
This  star  was  first  observed,  at  a  magnitude  of  about  9.3, 
On  March  29  :  a  maximum  was  passed  on  May  19  ;  the  aver- 
age light  at  this  phase  was  about  7M.9.  When  last  observed, 
August  2.  its  light  was  estimated  as,  at  most,  of  the  10". 0, 
and  the  star  has  not  since  been  seen. 

6088  VHerculis. 
I  have  obtained  three  observations  of   this  star  during  the 
present   year,  as  follows :  April  29,  11*.+  ;  June  7,  11M.0  ; 
August  6,  <10M.0.     The  star  has  always  been  near  the  limit 
of  visibility  with  the  power  used  (.'!<»  on  a  4  *  -inch  refra 
and  the  observations  accord  well  with  several  made  it. 
The  present  variation  of  the   star,  seems,  to   say  tie 
doubtful. 

7456  RR  Gygni. 
This   star  has  been   carefully  watched  since  May  28,  and 
the   following  phases  are  deduced   from  a   reduction  of  the 
observations  up  to  this  date  : 

Maxima  Minima 

1891  July    10         8*8  1891  June    7         9?3 

Aug.  28         8.7  July  26         9.3 

7560  I!  Vvlpeculae. 

This  star  was  observed,  from  July  5  to  August  22,  six 
times;  a  maximum  is  sharply  indicated  on  July  30.6  ;  the 
estimated  maximum  li>;ht  was  about  8M.3. 


MEASURES   OF   THE  BINARY   STARS,  p  DELPIIINI  AND  85  PEG ASI, 

By  S.  W.  BURNHAM. 

I  have  recently  finished  sets  of  measures  of  these  two 
interesting  binary  systems.  The  observations  were  all 
made  with  the  36-iuch  refractor. 


(iDelphini  ((5151). 


1891.389 
.419 
.449 

1891.559 


326.6 
332.0 

:;;;2.i 
335. 1 


0.38 
0.38 
0.33 
0.45 


1891.45 

331.6 

0.38 

85 

Pegasi  |  .  7.".:: ) . 

A  and  B. 

1891.537 

l.'.o.l 

0.79 

.540 

158.2 

0.86 

1891.600 

1 5 1 . 7 

0.73 

1891.56 
Lick  Observatory. 


151.8 


0.79 


1891.540 

354.8 

24.38 

.575 

854.9 

2  1.. -.7 

1891.600 

354.3 

24.79 

1891.56 


854.7 


24.58 


The  close  star  of  the  last  named  system  is  at  all  times 
difficult  with  the  large  telescope,  and  as  it  requires  a  power 
of  not  less  than  1500,  it  can  only  lie  measured  on  the  best 
nights. 

1  requested  Mr.  ScHAEBERLE  to  test  my  recent  measures 
by  comparing  them  with  the  theoretical  places  of  the  com- 
panion according  to  his  orbit,  and  he  has  computed  an 
ephemeris  which  covers  the  unexpired  part  of  the  period. 
My  measures  of  last  year  on  four  nights  gave,  1 
0".78  i  1890.55).  The  differences  between  the  observed  and 
computed  places  are  as  small  as  could  be  expected  when  the 
extreme  difficulty  of  tin-  object  is  considered. 


Ill  l       ASTRONOMICAL    JOURNAL. 
EPHEMERIS  OF  p  733  (85  PEGASI), 

B,   J.    M.   Mil  IEBERLE. 
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ln   No.  185  of  the   Astronomical  Journal  I   published  an 
pbemeris  of  this  interest  discovered 

Ui  rnhaji  in  1878.     As  the  motion  In  position 
rapid  and  variable,  the  four-year  interval  in  the  pub- 
ephemeris  is  too  greal    foi   convenienl   use  in   com- 
ill,-  observed  and  computed  places.     I  liave,  there 
fore,  reduced  the  interval  i le  year,  eacb  placi   being  com- 
puted directly  from  the  elements. 
The    positions    foi    1896.0,   as  given    in    No.  185  of  the 
1/  Journal,  should  read   P       184  .6,    1>      0".54. 
The  lasl    two  equations   in    page    107  ol    Klinkerfues's 
towiti  should  read, 

p  cos(p     SI)  =  r  cos(r-r-ff — Si) 

11  sini  /■ — Q, )  =  r  cos  i  >iin  u-r-w — Q, ) 

Ml.  Hamilton,  189 1  August  31. 


1  Mill  Ml  MS    01 


Date 

P 

" 

1889.5 

L32?2 

1.02 

1890.5 

187.1 

1.01 

1691.5 

1  12.2 

0.97 

1892.5 

1  17.9 

.90 

1898.5 

155.0 

.Ml 

1894.5 

164.0 

.69 

1895.5 

176.3 

..V.i 

1896.5 

194.3 

.51 

1897.5 

216.8 

.17 

1898.5 

240.? 

.17 

259.9 

11.;,  1 

m:\y  asteroids. 

Telegraphic  announcements  have  been  received  of  the  discovery  of  the  following  asteroids: 

(inc  of  ilir  twelfth  magnitude,  by  Charlois,  at  Nice, 
1891    Aug.  28.5334  Greeuw.  M.T.      •>.        0h   12™    12'.6,     8  =  +2e    16'  2".       Daily  motion, —86   in  a,  and  1' southward. 

One  of  ilif  eleventh,  by  I'm  is  \.  :ii  Vienna, 
1891  Aim.  30.5377  Greenw.  M.T.     «  =  23"  1"'  17'. 7.     ft  =  —1°  26'  23".      Daily  motion,  —52   in  «,  and  9'  southward. 

t  hie  of  tin-  thirteenth,  by  (  n  w:i  01s, 

pt.  1.5248  Greenw.  M.T.     a  =  0h  42™  51'.9,     8  =  +11     18'  8".      Daily  motion,  —12'  in  a,  and  9'  southward. 

i  >n,'  of  1  be  thirteenth,  by  I'm  isa, 
1891  Sept.  1.4118  Greenw.  M.T.      a  =  23    24'     15M,     8  =  —4     9'  16".      Daily  motion, — 56   in  a,  and  8'  southward. 

One  of  the  1  liirteenth,  probably  Alice,  bj  Palis  a. 
1891  Sept.  1.4202  Greenw.  M.T.     «  —  •-'■"■ll  25'"  208.3,     8  =  — 1°  12'  50".      Daily  motion, —In   in  «,  and  7' southward. 

( )ne  of  the  thirteenth,  l>\  (  n  lrlois, 
1891  Sept.  8.4628  Greenw.  M.T.      «  =  28 43'.7,     8.  =  —8°  41'  26".      Daily  motion,  — 44   in  «,  and  5' southward. 

One  of  the  eleventh  magnitude,  by  Charlois, 
1891  Sept.  11.4758  Greenw.  M.T.     a  =  211'    11™    !3'.5,     8  =  —  1  I     5'   18".     Daily  motion, —86' in  «,  and  4' southward. 
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Orbit  01   mr  I Star  J 186    bi    Proi    S.  Glasenapp. 

Measures  of  mi    Position    Ingles  01    rHE  Rings  of  Saturn,  by  Prof.  E.  E.  Barnard. 
Vncient  Chronologi    ind  Eclipses,  bi    Mr.  W.  T.  Lynn 

EPHEMERIS  ttlODII     COMBT,    BY    Ml;.   Wll.ilWI    BELLAMY. 

:  jsion  "i    fDiiACONis,  by  Prop.  George  C.  Comstock. 
cn   1  Classification  01  on    Comets  bi   Their  Physicai    Appearance,  by  Prof.  E.  E.  Barnard. 

Observations  of  Variabli    Stars,   L891,  1.1    Mr.  I'm  1    S.  Tendell. 
Measures  of  hie  Blvari   Stars    I  Delphini   lnd  85  Pegasi,  by  Prof.  S.  W.  Bubkham. 
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ADDITIONAL    TERMS    IN    THE    GREAT     DfEQUAUTLEi 

-.1277.' A". 


OF     JUPITER    AN" I) 


By     G.     W.     HILL. 


Interval. 

Mean  Year 

i 

'    ■ 

. 

772 

n 

-  • 

1814-1825 

■ 

.    .      . 

- 

-  - 

[Communicated  by  the  Superintendent  of  the 

Tbe  discussion  of  the  observation- 
now  ii  _     --  tticeofthe.;  ;s  and 

.  has  reached  su  -     _     that  we  can 

exhibit  the  results  in  reference  to  the  correction  of  the  mean 
lollop  -  -    _        ;   in  my  new  the- 

Jupiter  and  s 

ii  into 
eleven  groups  roug  -  to  as  many  revolutions 

of  the  planet,  vain   -  which  were  - 

in  the  following  tal 

8L 

- 

—0.71-  1.4 

i   - 

- 
- 

11.7 

- 
- 

1 
+  0. 

In  the  values  of  tL  the  mo  ; 
in  thi  - 

an  indeterminate  - 

_ 
The  column 
of  precision  of  the  several  va  iy  be  obtai: 

rhese  values  linear 

function  of  the  time,  with  the 
ing  ti>  the  in 

- 
harmony  with  the  signing 

in  fact,  tbe  solution  of  tbe  equati 
nificant  quantity. 

The  disagreement  mir  to  persona'. 


American  Ephemerit  and  Xautical  Alma 

tions  in  the  observers ;    but  this   seems  not  likely,  as  the 
three  value- 

and  yet  are  founded  on  material  eotnini:-  -'   from 

Greenwich  and  Palermo,   in  the  second  from  Greenwich, 
Palermo  and  Paris,  and  in  the  third  from  Greenwich, 
and  Konigl  •    _ 

:i  we  may  suppose  that  there  is  some  inequa 
■riod  in  the  mean  longitude  of  Jupiter  not  taken  into 
-    -ration  in  the  theory.  .utual 

actiou         '  -  - 

■his  pertur 
•>re  does  not  seem  to  be  any  indication  of  an 
inequality  in  Saturn  -   _reat  as  that 

which  would  seem  I 

In  order  I  _  might  be  wanting  to  the  clearing  up 

of  thi-  **         rained  to  comput-  a  tbe 

great  inequalities  which  depend  ou  I 
argument,  that  is  to 

■n  one 
woul't  -  T-mall- 

erruitting  their  being  pass  "egard 

- 
period  of  these  terms  is 
- 

- 
mav   confine   our 
5l  componeir- 

:'  the  mean  longitudes 

-  _ 

but  tl.  mode 

of  in 
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1 182  >in(  1.".;/' — Co 

00000784  cos  I  l5gF* — 7e>  — 0.001 374  sin(15g'—  7e) 

and,  in  ' sequence,  the  terms 

01 1  I  r,„i  I5g'     6g)  t  0.1 0000186sin|  L5g— 6g). 

liy  means  o(  this  expression,  we  can  complete  the  terms 
of  '/'  and  '/"  dependenl  on  5g'  2g  and  its  multiples  given  al 
pp.  75-91,  so  that,  writing  V  for  5a*— 2g  they  stand  as 
follows  : 

T  =  —  0".07676841  sin  V  —  0".181S2165  cos  F 

+0".0007626  sin  2V  ,— 0". 0007509  cos  2F 

,o6i)0066  ~m  3  I'  +0". 0000079  cos  8  V 

T—\  L".I?66083  sin  V    +  2".  7790748  cos  V 

0".01  16886  si,,  27   4-0ffi0115086  cos  2  V 

— 0".000101  sin  SV    —  '>". 120  cos  3  F. 

It  is  evident  that,  as  far  as  these  terms  are  concerned, 
with  sufficient  approximation,  we  have  the  equation 

T  +  0.06524557  7"  =  0. 

Hence,  after  the  inequalities  of  Saturn  have  been  obtained, 
it  will  be  only  necessary  to  multiply  them  by  the  factor 
— 0.4024  to  have  those  of  Jupiter.  Dealing  therefore  with 
l  alone,  we  have  to  consider  that  Fin  the  expression 
for  7"  receives  the  increment  8V=bn'8z' — 2-nde,  and 
thus  becomes 


dV 


dV- 


From  the  expressions  of  n8z  and  n'dz'  (Astr.  Papers,  Vol. 
IV,  pp.  103,  449)  we  get 

8V  =  on'Sz'  —  2n8z  =  — 6595"  sin  V*—  15593"  cos  V 

—107.5  sin  2V  +  113.2  cos  2  F, 
as  also 

i  (8Vy  =  +242".0  cos  2F  +249".2  sin  2F. 

Substituting  these  values  and  confining  our  attention  to  the 
terms  involving  3  F,  we  find  that  T'  becomes 

T'  =  — 0".002377  sin  3  F—  0".000925  cos  3F. 

Integrating  this  twice  we  get 

n'dz'  —  +0".286  sin(3F+21°.3). 

And,  multiplying  this  by  the  factor  — 0.4021, 

nSz=  +  0".115  siu(3F+201°.3). 

It  has  been  assumed  here  that  F  will  be  more  correctly  de- 
noted by  og'—2g—82"t  than  by  orj'—2g,  consequently  the 
integrating  factor  has  been  taken  at  10.58. 

The  erections  associated  with  these  long-period  inequal- 
ities are  not  much  beneath  them  in  magnitude,  and  we 
propose  to  compute  them  in  the  same  approximate  way. 


By  induction  from  the  terms  involving  the  six  arguments 
from  7a' — 6a  to  1 2</ — 6a  in  the  functions  a'       ,  and  a'r1 

tig  ilr 

{Attr.  Papers,  Vol.  IV.  p.  71)  it  is  found  that  the  latter 
contain  severally  the  terms 

a  —j  =  fo". oDoi  to  sinl  l  la'— 6a) 

I  0".000176  cost  l  la'     6o), 

a'r'-Q,  =  -r-0".000112  cos(14a'— 6g) 

— ti". IMIUD71  -,iu(  1  la' 

By  means  of  these  additional  terms  we  complete  the  expres- 
sion of  7".  p.  83,  so  that  the  terms  which  involve  V  now 
become 

T  —  +  2".50567  sin(— , '+  V)  —2  (".38129  co3{  — , '  I-  V) 
+  0".  107s.".  sin(  — ;■'  +  2 F)  — 0'  .02865  o »s(— /+2  V) 
+  0".00039  Bin(— y'+SV)  +0".00042  cos(— y'+SV) 

Exactly  as  before,  we  must  now  suppose  that  in  7".  V  re- 
ceives the  increment  I  F,  and  thus  thai  7"  becomes 


*•■ +  ";,•"• 


s.w 


Making  the  substitution  and  preserving  only  the  terms  in- 
volving 3F,  we  get 

T' =  +0".01055sin(— y'+SV)  +  0".01576  cos(—  y'+3V). 

Integrating  this  once,  making  y'  =  g',  and  then  integrating 
again,  the  effect  on  the  coefficients  is  the  same  as  multiply- 
ing them  by  11.11.  and  we  obtain 

n'dz'  =  +0".212  sinl  14g'— 6g  +  55°.6). 

Proceeding  in  like  manner  for  Jupiter  we  obtain 

dg 

dSi 


+  0". 000012  sin(15</'—  lq') 

— 0". 000012  cos(15g'—  7a), 


aj--p=  +0".  0000 11  cos(15g'— 7a) 

"''  +0".000029  sin(15g'— 7;/). 

By  means  of  these  expressions,  wre  are  enabled  to  add  to  T 
terms  involving  3  F,  so  that  it  now  becomes 

T  =  —  2".02853  sin(— y+  V)    +0".152G3  cos(— ;  +  V) 
— 0". 00484  sin(— ; +2F)  — 0".00979  cos(—  y+2V) 
+  0".00003siu(—  ;+3F)—  0".00005  cos(—  /-  +  3F). 

Supposing,  in  this  expression,  that  F  receives  the  increment 
uV,  it  is  found  that  T  contains  the  terms 

T=  +0". 00103  sin(— j'+3  7)  —  0". 00131  cos(—  j+3  V). 

We  then  obtain  nSz  by  multiplying  the  coefficients  by  25.88 
and  substituting  ;/  for  ;-.     Thus 

nHz=  +0".043  sin(15g'— 7g+308°). 

From  inductiou  it  is  supposed  that  these  two  evectious 
will  be  obtained  with  greater  precision  if,  in  place  of 
14g' —  6;/  and  1  •">;/' — 7g,  we  put  14f/'  —  6>j — 180"*  and 
log'—  77  —  120"/. 
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Gathering  together   our  results,  tin'    mean   longitude  of 
Jupiti  r  ought  i"  he  increased  by  tin-  terms 

ndz  =  +  0".115  sin(15;/'— 6</— 246"<  +  201°.3) 
+  0".ii|:;  sin(  i:>;/— 7;/—  1  20"<  +  308°), 

and  the  mean  longitude  of  Saturn  by  the  terms 

n'iz'  =   +  0".286  sin(l.",y'—  Of/— 246"<  +  21°.3) 
+0".212  sin(14gr'—  6g— 180"*+55.6). 


It  will  be  seen  that  the  long  quality  for  J 

is  uot  of  a  magnitude  sufficient  to  remove  the  difficulty 
stated  at  the  beginning  of  this  article.  However,  it  appears 
worth  while  to  have  computed  these  inequalities,  if  the  only 

result  is  that  the  don! 't  is  removed. 


Washington,  L89J  Sept.  26. 


COM  ET 

15  v     E .     E .     B 

This  comet,  which  was  discovered  by  me  on  September  2. 
1888,  has  proved  of  remarkable  interest  from  the  extended 
duration  of  its  visibility — two  years  and  five  days  — and 
from  the  vasl  distance  t,>  which  it  was  followed.  It  was  an 
easj  objecl  at  distance  6.25.  In  both  these  peculiarities  it 
by  far  exceeded  any  comet  previously  observed. 

I  have  already  called  attention  to  the  fact  (  .  I../.  2  45 )  that 
the  distance  to  which  the  comet  was  carried  exceeded  that  of 
the  aphelia  of  neatly  all  of  the  short-period  comets. 

Iii  June,  1889,  1  called  attention  to  what  appeared  to  l"1 
an  anomalous  tail  to  this  comet.  Professor  Bredichin  has 
Bhown  that  this  was  simply  an  effect  of  perspective  due  to 
the  great  distance  of  the  comet.  I  made  a  number  of  care- 
ful sketches  of  the  position  of  the  tail  among  the  Mars 
during  that  year,  ami  have  communicated  these  t<>  Professoi 
Bredichin,  who  will  have  an  opportunity  to  test  the  phe- 
nomenon more  thoroughly. 

<tn  December  10,  1888,  the  comet  transitted  the  small 
bright  nebula  X.d.C.  .",M.  which  showed  brightly  through  it 
slightly  south  of  the  nucleus.  The  following  observations 
were  made  of  the  nebula  after  the  observations  of  the  comet, 

,1//.  Hamilton,  1891  September. 


1889  I, 

A  U  N  A  ED. 

the  same  comparison-star  being  used  for  both  obji 
N.G.C.  584,  *•-'•-'../«=•  l"  l  i  .87(6),  M=— 1'4 
From  this  is  deduced  the  following  place  for  1886 

N.G.C.  584..     a  =  V'  2.V"  43\86,     3  =  —  7    261  I'-'". 4. 

The  comet  was  searched  for  carefully  in  1891,  but  could 
not  be  found  with  the  86-inch. 

The  declination  in  the  discovery  observation  of  this  ■ 
as  originally  published  in  A.J.  182,  was  in  error  by  one  en- 
tire revolution  of  the  niL-mtu.  t.  i --.:  •■"  (l-T'.l).  I  have 
corrected  the  observation,  and  insert  it  here,  having  added 
several  extra  observations  in  right-ascension  on  that  date 
which  had  been  overlooked.  I  have  also  inserted  here  a 
few  other  observations  from  that  issue  of  the  Jour/ml.  in 
which  I  have  made  some  slight  corrections  to  the  declina- 
tions. These  corrected  values  are  to  be  preferred  to  those 
published  iu  No.  182. 

Observations  of  the   comet   made   here  on  *ix  other  dates 
will  be  found  in  A.J.  182,  p.  109. 

In   following   the   comet    in    the   fainter   stages  of   i  - 
bilitv.  quite  a  number  of  new  nebulas  were  discovered  near 
its  path. 
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25.1 
4.4 
6.7 


is   10 
17  54 

17  50 


28.69 
53.40 

17.72 


17  43 
17  16 
17    15 


28.71 
19.59 
28.22 


17  14  36.79 
55.91 


16  5S 

16  56  59.02 


16  5| 

16    19 


22.:!7 
27.9 


7  21  56.6 

7  20  28.1 

7  1  1    26.2 

6  56  39.0 

1;  51    27.2 

1;  52    11.7 

7  6  1.7 
7  7  13.4 
7  8   18.2 

7  13  58.4 

7  52    19. 2 

S  2   51.7 

8  46.8 


8.322 
9.551 

9. 5.-  7 
9.113 
9.5  17 

n9.603 
9.276 

n9.255 

9.1  lo 
9.297 

9.5  12 

9.408 

9.147 

:i.i;  1:1 

9.619 

8.279 

«8.903 

0.000 

z-9.292 
S.672 

'.'.1  19 
9.220 
9.090 

9.139 

9.350 

9.297 

9.29*7 

9.474 


0.641 
0.642 
0.654 

0.698 
0.678 

0.678 
0.688 
0.685 
0.687 

0.750 
0.757 
0.769 
0.785 

0.792 
0.794 

0.767 


0.726 

o.7  19 

0.711 

0.705 

0.712 

0.719 

0.722 

0.733 

0.749 

0.792 

0.806 

0.806 

0  7:1:1 

0.803 

0.761 

0.762 

0.792 

0.792 

0.762 

o.7s:; 

0.787 

0.787 

0.788 

0.789 

0.790 

0.7:12 

'  Ja  measured  direct. 


The  observations  of  I-'1"  August  17  and  September  7.  made  with  36-inch. 
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Mean  Places  for  1S88,  ISs'.).  1890.0  of  Comparison- Stars. 


Red.  to 
app.  place 


app.  place 


Authority 


10 

11 
12 
13 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

1889 

24 

25 

26 

27 

28 

29 

30* 

31 

32 

33 

34 

35 

36 

37 

38 

i- ., 

39 

lo 
li 
12 

i:; 
II 

I.-. 

16 

17 
l.s 
49 


6  51  15.53 

6  53  27.23 

6  54  47.32 

6  50  16.19 

6  49     2.71 

6  42  36.97 

6  40  26.35 

6  28  42.28 

6  26  50.81 

6   15  24.4 

5  54  43.41 

5  44  55.16 

5  42  5.05 

5  36  59.28 

5  25  49.87 

54  11.94 
42     6.54 

28  17.:;: 

58  35.53 

7  38.91 

23  28.99 

18  42.68 


0  0 
23  28 
23   L8 

22  12 

22  6 

21  16 

21  20 

20  50 

19  35 

is  17 

is  17 

18  16 

is  13 

18  17 

18  16  13.19 

18    18  2.87 

18  11  13.09 

17  54  0.80 

17  53  22.57 

17  43  34.96 


17  r 


16  59 

16  -"'7 

16  54 

16  19  26.6 


8.06 

7.6H 
.",.::  1 
16.98 


I  +0.57  | 
{  +0.60  } 


+  0.56 
+  0 
+  0.60 
+  0.60 
+  0.83 
+  0.94 
+  0.97 
+  0.97 
+  1.23 
+  1.26 
+  1.30 
+  1.34 
+  1.64 
+  1.69 
+  1.71 
+  1.75 
+  1.80 
+  2.28 
+  2.36 
+  2.40 
+  2.48 
+  2.55 
+  2.76 
+  2.76 
+2.83 
+2.94 
+  2.75 
+  2.51 
+  2.  IS 


f  +1.64  > 
|  +1.69/ 


44.36 

+  1.26 

13.02 

—0.94 

55.77 

+  0.61 

1.61 

+  0.27 

12.06 

-f  0.  19 

39.84 

+  1.12 

28.18 

■4  1.17 

17.85 

+  1.81 

•J  7. 5  1 

+  1.96 

56.11 

+  2.1  1 

3.04 

+  1.87 

51.10 

+  1.36 

54.05 

+  1.38 

tl.35 

+  1.89 

5.34 

4  2.80 

+  1.06 
+  1.16 
+  1.62 
+  1.62 
+  1.66 
+  1.75 
+  1.84 
+  1.S5 
1  1.85 
+  1.61 
+  1.59 
+  1.17 
+  1.13 


+  11  7   16.6 

+  11  2  56.7 

+  10  46  54.2 

+  1(1  6     3.8 

+    9  17  27.0 


+ 


21.4 


+   8  42    17.9 
+    7  39  33.1 

+   7  21  28.5 


+  6 
+  4 
+  4 
+  3 
+  3 
+  2 
+   0  59 

—  2  54 

—  3  36 

—  1   45 

—  6  31 


29 


37.7 
54.3 
41.2 
47.3 
13. 
51.6 
39.5 
9.2 

IS. II 

22.5 
37.7 

58  1 

39  26.6 

23  24.0 

0  1.8 

38  5.0 

38  15.4 

11  17.7 

23  30.5 

37  56.2 

17  8.9 

32  19.2 

;;.;  51.1 

9  27.6 

16  20.9 

19  52.8 

21  15.0 

—  7  32  5  7.2 

—  7    IS 

—  7   15  23.8 

—  6  58 

6  50    14.6 
6  53  2  l.s 

19    17.:l 

—  7  15   28.1 

—  7  52  59  9 

8  7     2  5 

—  8  I  1 . 1 


—  6 
+  1 

+  2 

+  2 

+  2 

+  2 

+  1 

+   0 

—  0 

—  4 

—  10 

—  10 

—  11 

—  12 


—  1.0 

(-  0.9  , 
1-0.8  \ 

—  0.8 
i  —  0.6 
]  —  0.5 
(—  0.5 

—  0.4 

—  0.1 

—  0.1 

—  0.1 
+   0.1 

(  +   0.6  > 
i+   0.6) 
(+   0.6  ) 
(+   0.6) 
+   0.7 
+   2.0 
+   2.3 
+   2.7 
+   3.0 
+   3.5 
+   4.7 
+    7.1 
+   8.0 
+   8.3 
+    7.:) 
+  8.2 
+   9.5 

—  11.1 

—  10.2 
—10.9 

—  1.0 
+  1.9 
+  1.6 
+  5.7 
+  6.7 
+  8.1 
+  9.1 

+   5.9 

+  5.2 
+   3.5 

—  3.6 

—  3.4 

—  2.0 

—  1.7 

—  1.7 

—  1.2 

+  0.2 
+   0.1 

+   0.6 


Compared  with  Schjellerup  2431 
( 'ompared  with  %  1 

',(2  Ann., si  |  +  \V.|i.  VI.  1628) 

B.B.  VI,  10°  1335 

W.B.  VI.  1  137 

is:+  W.r,.  VI.  1234) 

W.B.  VI.  1164 
LI.  12604 


LI.  12510 

DM.  +6°  1208 
LI.  11383 
W.B.  IV.  1101 
Albany  A.G.  1897 
Albany  A.G.  1863 
Albanv  A.G.  1787 
W.B.  IV,  1148 
W.B.  III.  771 
W.B.  III.  191 
W.15.  II.  1003 
W.B.  II,  77 
Bonn  Obs. 
W.B.  1.  271 

Schjellerup  29 

W.B.  XXIII,  544 

Albany  A.G.  v"7" 

Albany  A.G.  7925 

De  Ball  358 

W.B.  XXII,   - 

J(Lam.  8582  I  2  Albany  A.G.  7631  | 

W.B.  XXI,  433 

W.B.  XX.  1241 

Schjellerup  7525 

1(W.B.  XVIII.  II  13 

( 'ompared  w  it  li  Schjellerup  61 

•    w  .i;.\\  111,325-+  Scbj.  6694  •  Gould  - 

4 1  LI.  33712+Lano.  I 

Schjellerup  I 

Schjell 

Compared  with  W.B.  XVIII,  372 

W.B.  Will.  184 

\\  .B.  W  II.  1074 

.£2250  s.f.  component 

loM  compared  «iili  Schjellerup  6414 

.—  r 

mpared  with  W.B.  XVI. 
Compared  >vit  I 

>m[>.  with  <(  W.I'..  XVI.  975  •  Lam.  2 
SDW         -    1351 


*  Proper  motion  applied.      I  b ■  ace  rejected  because  of  discordance  in  riglit-asi 
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N      JIT. 


m  in  Comparisons. 


Ju 

C 

J,\ 

C 

*    1  -  Schj.2481 

+  r23."25 

8 

+   -J 

1 

*   •_>  —  *  1 

+  2    11.70 

G 

—  -1    19.6 

•J 

*;;;,  _  s,.|ij.  6694 

1  o   .',1.10 

8 

+  6  51.8 

1 

*  ii>  —  w.B.  win.  .".:•.' 

—0  41.75 

6 

—  5   16.6 

:; 

*4I  -  Scbj.  i'iIH 

—2     2.04 

6 

—  :!  28.4 

:; 

j|c46  _  W.B.  XVI.  km;: 

+  o  33.69 

1  1 

—12  24.8 

6 

*  17  —  *  16 

—2      1.29 

1L' 

—  7  31.8 

:; 

*48  —  '    V7.B.  XVI,  975  -  Lam.  2309 

+  o    11.99 

20 

—  19  43.2 

1 

2  nights 

*  is  —  Lam.  •-'•■'>•-'•■; 

—2    18.66 

12 

—  0  54.8 

- 

•J  nights 

From  these  observations,  the  star  Lamont  2328  gives  the  right-  Bessel  and  Lamont  observations  of  the  other  star  are  nol  very  die- 

ascension  of  the  10"  star  (48    about  Pless  than  does   the  star  cordant. 

[Bessel  XVI,  976                         it  would  appear,  if  there  is  no  proper  In  •  €  >ni]»;i  r  i  n  ir  slur  Is  with  tip  :Bessi  -1  -Lamonl  star,  an  intermediate 

motion,  thai  the  star  Lam.  2323  needs  a  correction  of  +1»,  since  the  star  SDM.  -    :    1383  was  used.     For  this  the  observations  give 


J« 


DM.— 7°4383  — 4(W.B.+Lam.)  =        — 0'"  7S.01        20 
Theres  for  1890.0  being  a  =  16*  53'"  27\98,        S  =  —  7°  59' 


12'  30".9        7        2  nights. 


OBSEKVATIOjSTS   OF   pDELPHINL   r  CYGNI  AND   I  URSAE  MAJORIS, 

By  A.  HALL. 
[Communicated  by  Capt.  F.  V.  McNair,  l.s.n..  Superintendent.] 


In  closing  my  observations  of  double  stars,  I  have  ex- 
amined some  of  the  close  pairs  recently  discovered,  and  the 
following  measures  may  be  of  interest. 


;  hi  Iphini. 

1891.609 

P 

-.VISA 

s 
0.41 

1.642 

331.il 

0.34 

1.686 

329.9 

0.42 

1891.646 

330.07 
t  Cygni. 

0.390 

P 

s 

1891.686 

9.8 

0.62 

1.692 

8.8 

0.44 

1.711 

9.2 

0.50 

1891.696 

9.27 

0.520 

ft  Delphini  was  discovered  by  S.  W.  Buknham,  and  t  Cygni 
by  A.  G.  Clark.  On  account  of  the  magnitudes  of  the  com- 
ponents the  first  is  now  the  easier  pair.     During  the  above 

Naval  Observatory. 


observations  t  Cygni  was  always  Mazing,  and  the  companion 
being  small  it  is  a  difficult  object.  The  distance  and  angle 
of  this  pair  have  both  diminished.  The  change  of  the  angle 
is  138°  since  1879. 

The  star  £  Ursae  Majoris  has  been  photographed  several 
times,  and  the  angle  and  distance  have  been  determined  in 
this  way.  For  the  sake  of  comparison  I  add  my  measures 
of  this  wide  pair. 


:u> 

sae  Majoris. 

1885.424 

P 

1  is.n 

s 
14.57 

5.426 

117.8 

14.44 

5.430 

149.5 

14.55 

5.441 

148.1 

14.50 

5.452 

148.9 

14.50 

1885.435 

148.46 

14.524 

The  assumption  made  by  Bond  and  others  that  the  photo- 
graphic determinations  are  free  from  constant  errors  is,  I 
think,  doubtful.  This  is  a  point  that  needs  examination.  It 
would  also  be  interesting  to  have  an  estimate  of  the  relative 
amount  of  work  by  the  two  methods. 


N°-  247. 
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OBSERVATIONS  OF    WOLF'S  COMET, 

mam     \l    THE  OBSERVATORY  "i     i  m:   STATE   UNIVERSITY   "i    MISSOURI, 
By  MILTON  UPDEGRAFF. 


1891  Colambia  M.T. 

* 

No. 
i  iorap. 

- 
la 

-* 

18 

^-•>  apparent 
a 

Sept.  I    1  1   53  23.4 
6  14  42  38.] 
8   1  1   53  16.5 

10  15  34   15.1 

11  15     0  35.4 

12  11   .".1     :;..". 

13  15  22  20.5 

1 
2 

3 
4 
5 
6 

7 

8 
8 
3 
8 
3 
10 
10 

+  2"   3 .71 
+  2  26.59 
—0  42.82 
+3  36.1  1 
—2   16.88 
—0     7.7.". 
—  1   55.13 

—3  27.6 

+  1    ."m.n 
—2  46.6 
+  0  42.5 
+  4   12.4 
+  2     5.4 
— 5  43.5 

25*74 
3    l.'i    13.56 
3    19  55.00 
."»  54 

3  55  59.91 
:;  57  54.0 
3  59  51.0 

3    I8.0 

+  2:;  2  1   51.8 
+  22    1- 
+  22   10    12.3 
+  21   51    25.9 
+  21   31.8 
+  21    11.0 

0.4117 
: 

n9.34 .1312 

0.4172 

0.4  125 

.  0.4524 

-  ".112:; 

Mean   Places  for  1891.0  of  Comparison- Stars. 


* 

a 

Red   to 
app.  place 

6 

Red.  to 

app.  place 

Authority 

1 

3  39  20.30 

+  1  .S70 

+  24      1   37.6 

|(W.B.+Yarnall) 

2 

3  43   15.24 

+  1.73 

+  2:;  22  46.0 

Yarnall 

3 

:;  50  36.07 

+  1.75 

+  22  51   30.9 

+  8.92 

'!  W.B.+Yaraall+Glasgow) 

4 

:;  50  25.! ".7 

+  1..S2 

+  22     9   50.4 

+  9.36 

_..»• 

5 

3  58   14.97 

+  1.82 

+  21    47     4.1 

+  9.42 

Glasg 

6 

3  57  59.9 

+  1.85 

+  21   29.5 

+  9.64 

DM.  +21°  583 

7 

4      1    4  1.2 

+  1.87 

+  21    16.5 

+  9.76 

DM.    -  -i 

In  making  the  above  observations  the  instruments  used  were  the 
T'.j-incli  equatorial  telescope  and  filar  micrometer  of  this  observa- 
tory, by  Mkrz  and  Mahj  in,  and  a  sidereal  clock  and  chronograph, 
both  by  Facte  i  Co.     The  comparisons  secured  ou  Sept.  8  and  11 


were  not  entirely   satisfactory,    the  comet   being   faintly 
through  light  clouds,  which  finally  Interrupted  the  observal 

The  position  of  the  observatory  is  approximately, 

>.  =  &>  :><>•  is  w.  from  Greenwich,  and  p  =  +38 


KPIIEMKKIS    <H     WOLF'S    PFIMODK'    COMET     1884  ill), 


15  V      \V  I  I.  I.  I  A  M      li  K  I.  LA  MY 


i  lontinued  from  page  15. 


Or.  M.T. 

App.  ,( 

pp.  8 

log  A 

Qr.  M.T. 

App.  .< 

1891 

Dec.   12.5 

h        i 

4    18 

16*29 

—  14 

10  23.1 

0. 188 

lire.     23.5 

1 

14 

53.47 

—  l  i 

18.5 

17 

50.4  1 

1  1 

43  37.8 

24.5 

1  1 

1  1.45 

11    13 

l  1.5 

17 

25.99 

1  1 

16   17.:. 

0.01 

25.5 

1  1 

hi; 

1 5 .  •"' 

17 

2.97 

1  1 

18  2.'...; 

26.5 

!  1 

81.88 

11   37 

16.5 

in 

4  1.41 

14 

19  55.8 

0.02244 

2  7.7. 

1  1 

27.36 

11   34 

17.7) 

16 

21.33 

1  1 

50  55.1 

11 

25.02 

1  I   30 

18.5 

16 

2.77 

1  1 

7.1    28.4 

0.08040 

1  I 

1  1    2 

19.5 

15 

I7..7I 

1  1 

51   21.0 

80.5 

1  1 

25.42 

11    21     11.7 

20.5 

15 

30.28 

1  1 

50   18.8 

0  1845 

81.5 

1  1 

28.16 

iii<;  io.5 

21.5 

15 

16.40 

1  1 

49    17.7 

82.5 

1 

1  1 

82.60 

—  1 1   10   16.4 

22.7. 

I   15 

1 .  1  2 

—  14 

56 


THE     ASTRONOMICAL    JOURNAL, 


N     'JIT. 


oi;SKi:VATI()NS   OF   (  <  >.M  FT  d  1«JM    {Babnabd,  Sept.  27), 

MADE    Willi    nil.    15-INCB    I  ■';!    ITORIAL  OF  THE    BARVARD  C «1     OBSERVATORY, 

BY    0.    C.    W  i:\DKI.l..    468161  vm. 

aunlcated  by  Professor  Edward  C.  Pickering,  Director.] 


1891  Cambridge  mi 

* 

No. 

i  p. 

la 

-* 

£/  apparent 
a                      8 

log  pA 

forn             lor  r| 

Sept.  80    10  32   l  l 
Oct.     I       9    12  25 

2  8  57     6 

3  9  25    1 1 

1 

2 
3 
A 

G 

11 
8 
9 

— 1     6.71 
—0  30.24 
—0  38.61 
—0  44.20 

—7  44.9 
—3  20.3 
+  6  41.6 
+5    19.6 

20  53     6.97 
20  52  58.46 
20  52    15.07 
2(j  52  40.18 

—1     3  37.4 
—0  53  52.1 
—0  43  50.2 
—0  32  57.3 

9.389 
9.231 
8.973 

9.190 

0.781 
0.780 
0.779 
0.778 

Mean   Places  for  1891.0  of  Comparison- Stars. 


* 

a 

Red.  i" 

app.  place 

8 

Red.  i" 
app.  place 

Authority 

1 

2 

3 

4 

20  54   l  1.56 
20  53  21.60 
20  53  21.60 
20  53  22.32 

+  2 . 1 2 
+  2.10 
+  2.08 
-t  2.06 

—0  56     2.6 
—0  50  41.9 
—0  50  41.9 
—0  38  57.0 

+  10.1 
+  1(1.1 
+  10.1 
+  10.1 

7  pomps,  with  AY.  Bessel  XX,   1315 
\V.  Bessel,  XX.  L315 
W.  Bessel,  XX,  1315 
W.  Bessel,  XX,  1317 

JUPITER'S  FIRST   SATELLITE. 


A  telegraphic  dispatch  of  Sept.  28  from  Prof.  Hoi  di  \ 
states,  •■  that  the  observations  of  Prof.  Schaeberxe  and 
Prof.  Campbell  during  August  and  September,  show  that 


the  first  satellite  of  Jupiter  is  ellipsoidal,  and  that  one  of  its 
longer  axes  is  directed  towards  the  center  of  Jupiter.  The 
other  satellite  appears  to  be  spherical." 


COMET   (71891. 

A  comet  was  discovered  by  Prof.  Barnard  at  the  Lick  Observatory  on  Sept.  27  in  the  following  position  : 

1891     Sept.  28.6986  Green.  M.T.,     a  =  20h  53m  -1.V.4.     8  =  — 1°  22'  36".     Motion  north  preceding. 
Later  observations  have  been  obtained  by  Mr.  Wendell,  and  have  been  communicated  in  full  below.     He  describes 
the  comet  as  extremely  faint,  estimating  its  brightness  as  equivalent  to  that  of  a  star  of  the  13.5  magnitude. 

COMET  e  1891. 

A  bright  comet  was  discovered   by  Prof.    BARNARD   in   the   following  position: 

1891      Oct.   3.042  Greenw.   M.T.,         a=  V'  31'"  24s,         8  —  —27°  54'     Motion  south  following. 
The  following  orbit,   telegraphically  communicated   by   Prof.   Holden,   was  computed   by   Prof.   Campbell,    uow    of 
the    hick   Observatory,   from   observations  there  on  Oct.   3,   J    and  5. 
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NEW  ASTEROID. 

An  asteroid  of  the  thirteenth  magnitude  was  discovered  by  Charlois,  at  Nice,  as  follows: 

1891     Sept.   24.3087,     a  =  21h  23m  3».5,     8  —  —12°   19'  40".     Daily  motion  —16s  in  «,  aud  4'  southward. 
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of   1  Delphini,  7  Cygni  and  JUrsae  Majoris,  by  Prof.  A.  Hall. 
Observations  of  Wolf's  Comet,  by  Prof.  Milton  UpdeGraff. 
Ephemeris  of  Wolf's  Periodic  Comet,  by  Mr.  William  Bellamy. 
Observations  of  Comet  d  1891,  by  Mr.  0.  C.  Wendell. 
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OX  ECLIPSES  AX 

Bi   JOHN   N. 

1 .  In  mi  ml  icrs  240,  241  and  244,  of  this  Journal,  I  have 
endeavored  to  rectify  some  of  the  principal  dates  of  chro- 
nology by  means  of  ancient  eclipses.  Since  the  publica- 
tion of  these  numbers  of  the  Journal  I  have  obtained  some 
additional  historical  facts,  which  confirm,  in  the  most  satis- 
factory manner,  all  the  conclusions  previously  arrh 

I  now  propose  to  show  how  these  new  facts  confirm  the  old  : 
and  also  to  reply  to  the  criticism  of  Mr.  Lynn,  which  ap- 
l  in  number  246. 

2.  There  are  a  number  of  ancient  eclipses  mentioned  by 
historians,  in  which  the  descriptions  given  are  sufficiently 

to  serve  as  a  test  of  the  accuracy  of  the  astronomi- 
cal theories  on  which  the  calculations  are  based,  win 
date  of  the  eclipse  has  once  been  correctly  determined.     I 
shall    first    give   the   results   of   the   calculations    of    such 
rification  of  the  correctness  of  my  theory 

Of  eclipses;  and  shall  then  apply  the  theory  to  the  ilis. Mis- 
sion of  historical  traditions  whose  chronology  can  be  de- 
termined only  by  means  of  such  calculations. 

3.  Asa  first  example.  I  find  in  Johnson's  Eclipses,  I 
and  "Future,  the  following  description  of  an  eclipse  of  the 
sun,  observed  at  Constantinople  A.I).  118  July  19.  The 
description  is  from  Pbilostorgius  (XII,  8)  who  says,  that 
"on  .Inly  19,  towards  the  eighth  hour  of  the  day,  the  sun 
was  so  eclipsed  that  the  stars  were  even  visible."    Johnson 

then  states  that  according  to  his  own  calculations,  till 

est  eclipse  at  Constantinople  occurred  at  I2h  89™  noon,  at 
which  time  then-  was  a  thin  crescent  UUCOVI  red  on  the  sun's 
northern  limb ;  thus  showing  that  the  line  of  totality  passed 
a  little  southward  of  that  place.  But  according  to  my 
own  calculation,  the  time  of  greatest  eclipse  at  Co 

tinople   was   at    2'  7'"  in    the  after n  ;   ami    the   magnitude 

of   tile    eclipse   at    licit    time  Wl  gits    ou    the    miii's 

southern  limb.  The  calculated  lime  of  the  eclipse  thus 
agrees  perfectly  with  the  statement  of  Philostorgii  -.  while 

the  time,  as  calculated  by  JOHNSON,  was  more  than  an  hour 
too  early  in  the  day. 

As    a    second    example    I    lake    the    eclipse    of     PELOPIDAS, 

which  occurred  B.C.  ■"•''>l  duly  18.  During  the  war  between 
Alexander  of  Pherae,  and  Thessaly,  Pelopidas  of    I 


1)  CHRONOLOGY, 

ST<><  KVYKI.I.. 

was  requested  to  succor  the  I  and  1'i.t  i.wa  a  in 

his  Li  the  following  statement  in  re- 

gard to  an  eclipse  of  the  sun,  which  took  place  at  that  time. 
lie  say-.  ••  The  Thebans  willingly  granted  their  desire  :  and 
now  when   all    things  were   prepared,  and  the  genera. 
ning  to  march,  the  sun  1.  and  dark 

over  the  city  of  Thebes  at  noonday." 

rding   to   Johnson's   computation   the   eclipse 
place  at  Thebes  about  8h  -I.V"  in  the  morning,  which 

tainly  a  long  time  ln-fore  >n  ;  hut  my  own  computation 

gives  1 1  '   10'    as  the   time         s  '.ipse  at   T 

and  this  erfectly  with  the  statement  of  the  historian. 

Plutarch  in  his  Dissertation  on  lludes 

to  an  eclipse  of  the  sun  which  had 

mid-day.      The  darkness  was  go  meat  as  to  cause  the  day  to 
resemble  night;  and  stars  were  everywhere  visible, 
eclipse  is  referred  to  by  Grant  in  his  // 
Astronomy;    and   also   by  Johnson    in    / 

.  Johnson  says  it,-,  date  is  very  hard  to  determine ; 
but  he  finally  concludes  that  an  eclipse  which  occurred  A..D. 
83  duly  27,  accords  sufficiently  well  with  the  description  to 
justify  the  belief  that  it  was  really  the  one  referred  to. 
<■  i;\m  does  not  give  any  date,  but  concludes  that  it  must 
have  taken  place  at  some  time  antecedent  to  September, 
A.D.  96.     The  illustrious  Kt  i-i  i  u  computed  a  great  number 

of  eclipses  that  occurred  ahout   the  close  of  the  first  century. 

and  finally  concluded  that  an  eclipse  which  took  place  June  l . 
A.  1>.  1 13,  accorded  with  the  description  better  than  any  other. 

I  have,  therefore,  computed  both  these  eclipses,  and  have 
obtained  the  following  results: 

The  eclipse  of  Dec.  27,  A. D  ntral  and  total  at 

noon  in  longitude  13    37'  west  of  Greenwich,  and  latitude 
23    r  north.     The  greatest  eclipse  at  Rome  wt  - 
local  mean  time,  in  the  afternoon  :  and  its  magnitude  i 
little  more  than  eii  itheru  limb.     The 

latitude  of  the  shadow  when  nearest  to  Rome  » 
north  :   and  it  was  not  total  anywhere  in  the  Roman  Empire, 
unless   it   was   in    Egypt,    where   it   took    place    mar   SU 
The  time  of  day  at  which  it  occurred  is  sufficient  to  pri 
its  being  the  one  mentioned  by  the  historian. 
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The  eclipse  of  June  l .  A..D.  1 18,  was  central  and  total  al 
noon  in  Longitude  18  20' east  of  Greenwich,  and  latitude 
•jl°  11' north.  The  time  of  greatest  eclipse  al  Rome  was 
al  ll!i -7"  local  apparent  time  on  the  morning  of  June  I. 
lis  magnitude  al  Rome  was  nearly  eighl  ana  one-half  digits 
on  the  sun's  northern  limb;  which  is  very  nearly  the  same 
as  in  the  other  eclipse.     This  eclipse,  however,  was  total 

throughout  the  northern  part  of   the  B an  Empire;  and 

the  time  of  day  at  which  it  took  pi  well  with  the 

statement  of  Plutarch,  who  says  that  it  occurred  about 
noon.  This  was  the  only  large  eclipse  of  the  sun  which  was 
visible  at  Koine  within  two  hours  of  noon,  since  the  eclipse 
of  Nbvember24,  A.l>.  29, — a  period  of  eighty-foui 

li  oci  urred  at i  the  middle  of  the  day;  and  was  total  far 

south  of  the  northern  boundary  of  the  Roman  Empire;  but 
it  was  not  total  at  Rome;  nor  does  Pldtarcb  say  .thai  it 
was.     I  think,  therefore,  there  can  be  very  little  donbl  that 

tJlis  is  the  eclipse  to  which  PLUTARCH  refers. 

4.     We   shall  now  consider  the   date  <>f  the   eclipse   of 

Kwn  s  and  of  i he /;<»,,*//„;/  of  Rome. 

Hansen  has  computed  t  he  eclipse  of  B.C.  400,  June  21, 
which  he  has  supposed  to  be  the  eclipse  mentioned  by  En- 
mi  s :  the  tradition  of  which  is  given  by  Cicero  in  his  De 
Hepublica  (I,  16).  His  investigation  is  in  his  Darlegung, 
published  in  1864.  According  to  Hansen's  computation, 
the  sun  was  totally  eclipsed  at  Rome  about  live  minutes  be- 
fore sunset  on  the  aliove  date;  and  since  Ennius  states  that 
it  occurred  850  years  after  the  founding  of  Rome,  it  would 
follow  that    Rome  was  founded  in  the  3'ear  B.C.  750.      lint 

a ding  to  my  computation  the  above  eclipse  was  central  and 

total  at  noon  in  longitude  111°  28'  west  of  Greenwich,  and 
latitude  65°  18'  north  ;  and  the  central  eclipse  left  the  earth 
in  longitude  13°  15'  west  of  Greenwich,  and  latitude  44°  27' 
north.  The  sun  therefore  set  at  Rome  l1'  4G"1  before  the 
central  eclipse  ended;  and  the  eclipse  was  wholly  invisible 
at  Rome.  The  eclipse  of  B.C.  400,  June  21,  was,  there- 
fore, not  the  one  referred  to  by  Ennius. 

Having  shown  that  the  eclipse  of  B.C.  400  could  not 
be  the  one  to  which  Ennius  referred,  we  must  seek  for 
another  to  take  its  place.  If  we  extend  our  search  backwards 
to  the  year  B.C.  404.  we  shall  find  that  there  was  a  very- 
large  eclipse  visible  at  Rome  on  the  morning  of  September  3 
of  that  year.  I  find  by  computation  that  there  was  an 
annular  eclipse  at  that  date  ;  and  that  the  sun  was  centrally 
eclipsed  at  noon  in  longitude  47°  48'  east  of  Greenwich,  and 
in  latitude  39°  44'  north.  The  time  of  greatest  eclipse  at 
Rome  was  s  ;i|  "  on  the  morning  of  Sept.  3;  at  which  time 
tl  ■  magnitude  of  the  eclipse  was  ten  digits. 

Now  since  Rome  was  founded  350  years  before  this  eclipse, 
it  follows  that  it  was  founded  in 'the  year  B.C.  754.  More- 
over, according  to  Varro,  Rome  was  founded  in  the  third 
year  of  the  sixth  Olympiad,  or  twenty-three  years  after  the 
first  Olympiad  ;  from  which  it  follows  that  the  first  Olympiad 
was  celebrated  in  the  year  B.C.  777  ;  and  this  agrees  exactly 


with   the  date  derived   from   the  ellipse   of    Xerxes,    which 
took  place  seventy-seven   years  earlier.      Ennius  speaks  of 

the    eclipse    as    having    taken    place   on    the    nones   of  June  J 

hence  it   follows  that  the  Roman  calendar  nn>  then  about 

three   months  in  error.      I  think  we   may  therefore   now  con- 
sider    the     date    of    the    eclipse    of    ENNIUS     as    satisfactorily 

determined. 

5.  We  may  also  prove  that  the  first  Olympiad  was  cele- 
brated   in    the   year    II. (.777.    by    means    of    the    history   of 

Alexander  the  Great.     For  it  is  well  known  that  the  great 

battle  of  Arbeia.  between  Alexander  and  Darii  s  C >man- 

m  s.  occurred  eleven  days  after  a  total  eclipse  of  the  moon. 

Now     I     find    that     the    middle   of   that    eclipse    took    place    at 

o'clock,  Arbeia  mean  time  on  the  night  of  September 
'jo.  of  the  year  B.C.  :1-">1  ;  and  RoLLIN,  the  historian,  informs 
us  in  his  history  of  Alexander,  that  the  death  of  Darius, 
which  took  place  in  the  following  winter,  occurred  in  the 
third  year  of  the  112th  Olympiad.     Now  since  the  Olympic 

commence  with  duly,  it  is  evident  that  the  deatli  of 
DARIUS  Occurred  in  the  same  olympie  year  as  the  battle  of 
Arbeia.  But  the  third  year  of  the  1  1  2th  Olympiad  would  be 
just    111',  years    alter    the  fust  Olympiad:    anil  hence  the  first 

Olympiad  occurred  in  the  year  B.C.  (331+446)  =  B.C.  777. 

C.  In  number  240  of  this  Journal.  I  have  shown  from  the 
events  associated  with  Caesar's  Spanish  War,  that  CaeSAB 
must  have  been  assassinated  in  March.  B.C.  45,  instead  of 
B.C.  44,  as  usually  given  by  historians.  But  there  are  other 
circumstances  connected  with  the  event  itself  which  throw 
additional  light  upon  the  date  of  its  occurrence;  and  these 
circumstances  confirm  the  conclusions  already  reached,  iu 
the  most  satisfactory  manner. 

Plutarch,  in  his  Life  of  Caesar,  speaks  of  the  events 
width  took  place  during  the  night  preceding  the  assassination 
as  follows:  "After  this,  as  he  was  iu  bed  with  his  wife,  all 
the  doors  and  windows  of  the  house  flew  open  together  ;  he 
was  startled  at  the  noise,  and  the  light  which  broke  into  the 
room,  aud  sat  up  in  his  bed,  where  by  the  light  of  the  moon 
he  perceived  Calpurnia  fast  asleep,  but  heard  her  utter  in 
her  dream  some  indistinct  words  and  inarticulate  groans. 
She  fancied  at  that  time  she  was  -weeping  over  Caesar, 
and  holding  him  butchered  in  her  arms  .  .  .  ."  Aud 
Seyffarth,  after  a  more  extended  examination  of  ancient 
writers  states  the  case  thus,  in  his  Chronology,  &c,  page  161. 
"  The  historians  furthermore  relate  that  on  the  night  pre- 
ceding Caesar's  assassination,  on  the  fifteenth  of  March. 
Calpurnia,  Caesar's  wife,  was  awakened  by  the  light  of  the 
full  moon." 

Now.  although  these  accounts  differ  somewhat  as  to  par- 
ticulars, they  both  agree  iu  the  important  fact  that  the  light 
of  the  moon  played  au  important  part  in  the  affairs  of  the 
moment  :  and  it  would  therefore  appear  that  the  moon  was 
very  near  the  full  on  the  night  of  the  fourteenth  of  March 
which  preceded  Caesar's  death.  Now  in  B.C.  44  there  was 
a  full  moon  on  March  4  ;  aud  consequently  on  March  14,  it 
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would  lack  only  about  five  days  of  being  new  moon  again. 
But  in  B.C. 45,  there  was  a  full  moon  on  March  1">.  at  nine 
o'clock  in  the  morning,  mean  time  :it  Rome.  Therefore,  if 
the  ancient  narratives  are  to  be  depended  upon,  (  Iaesab  mnsl 
have  been  assassinated  in  the  year  B.C.  15.  .Now,  accord- 
ing to  Setfi  loth,  the  Olympic  games  wen  I  in  the 
July  following  <  iesar's  death;  they  wei 
brated  in  the  year  B.C.  15.  This  date  agrees  exactly  with 
thai  derived  ('nun  the  Spanish  War;  and  also  fixes  the 
celebration  of  the  Olympic  games  to  the  bissextile  yi 
the  Julian  calendar.  It  also  confirms  the  statements  of  the 
chronologisl  Julius  Akricanus  and  Censorinus  ;  as  well  as 
the  conclusions  which  1  have  deduced  from  the  eclipses  of 
Xerxes,  Ennius  and  Arbela.  Ii  therefore  seems  to  me 
there  can  no  longer  be  any  doubt  thai  Cai  sab  was  ■>• 
nated  on  March  15  in  the  year  B.C.  15;  and  that  all  the 
dates  of  the  early  Roman  empire  should  be  placed  one  year 
earlier  in  chronology  . 

7.  It  now  only  remains  to  notice  briefly  the  criticism  of 
Mi.  I. inn,  which  appeared  in  number  246  of  this  Journal. 
The  only  really  important  poinl  to  which  he  has  railed  at- 
tention occurs  in  S  -;  and  I  am  surprised  that  he  should 
call  attention  to  the  fact  that  the  year  of  the  Olympiads  was 
not  mentioned  by  Josephus;  inasmuch  as  I  bad  already 
done  bo  in  number  -Mi*  of  this  Journal.  Bui  Mr.  Lynn  rep- 
resents me  as  stating  that  Josephi  s  says  thai  Jerusalem  was 
taken  by  Pompei  in  the  first  year  of  the  one  hundred  and 
Beventy-nintfa  Olympiad;  whereas  the  contrary  is  what  I 
.said,  as  he  will  readily  see  by  reference  to  my  paper.  The 
stands  thus;     Josephus  tells  us  thai    Jerusalem  was 

Cleveland,  Ohio,  1891  October  28. 


captured  by  Pompet  in  the  one  hundred  -uinth 

olympiad,  and  by  Herod  in  the  one  hundred  and  eighty-fifth 
Olympiad,  without   telling   us  the    particular 
quadrennial  periods  in  which  they  occurred ;  but  he  makes 
the   further   statement  that   the  interval   betwi 
events  was  jusl  twenty-seven  years.     Now  this  could  m 
sibly  happen  unless  the  captun  -  were  made  in  the  first  year 
the  one  hundred  and  seventy-ninth  Olympiad,  and  the  fourth 

of  the  one  hundred  and  eighty-fifth  Olympiad. 
if  the  firsl  capture  was  in  the  second  year  of  the  Olympiad. 
twenty-seven  years  would  bring  the  second  capture  to  the 

first    year   of   the-   one    hundred   and    eighty-sixth    Olympiad; 

and.  consequently,  would  not  tally  at  all  with  ti 
of  Josephus. 

Mr.   Lynn's  statement   that   S 
authority  than  Josephi  -  is,  perhaps,  correct  ;  but  th< 
ibility  of  a  historian  is  measured  by  the  fidelity  with  which 
his  statements  correspond  with  facts  which  can  be  independ- 
ently determined  ;  and  in  the  present   instance 
merit  should  unquestionably  be  accorded  to  Josephi  s. 

In  regard  to  the  Spanish  war  nothing  more  nod  be  said. 
The  fact  that  there  was  a  full  moon  at  the  time 
death,  fixes  the  year  of  it-  occurrence  and  corroborates  the 
usual  interpretation  of    the  narrativi  Spanish  war. 

And  as  to  the  date  of  the  battle  of  Pydna,  it  - 
that  the  astronomical  evidence  is  wholly  in  favor  of  the  year 
B.C.   IT-*.      The  change  Of    its  date  by  lour  years  is   jusl    the 

same  as  that  of  the  eclipse  of  Ennius,  and  less  than  one- 
quarter  of  the  change  in  the  date  of  the  eclipsi 
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In  the  determination  of  the  latitude  of  Cambridge  with 
the  Almucantar,  about  six  years  and  a  half  ago  (A.N.  112), 
it  was  shown  thai  the  observed  values,  arranged  according 
to  nights  of  observation,  exhibited  a  decided  and  curious 
progression  throughout  the  series  (see  p,  116),  the  earlier 
values  of  C — 0  being  positive,  the  later  ones  negative,  and 
the  ranee  from  November,  1884,  to  April,  1885,  being  about 
four-tenths  of  a  second.  There  was  no  known  or  imaginable 
instrumental  or  personal  cause  for  this  phenomenon,  yet  the 
onl\  alternative  seemed  in  be  an  inference  that   the  latitude 

had    actually    changed.       This    seemed    at    the    time    too    hold 
an    iuference    to    place    upon    i, id.  and   1   therefore   left  the 

results  to  speak  for  themselves.  The  subsequent  continua- 
tion of  the  series  of  observations  to  the  end  of  Juni  . 
gave  a  negative  maximum  about  May  1,  while  the  discus- 
sion of  the  previous  observations  from  May  to  November, 
1884,  gave  a  positive  maximum  about  Sept.  1,  indicating  a 
range  of  Q".l  with   a  half-period  of   about  Beven  months. 


In    the   article    above   cited   I   had    confined    the   discussion  to 

stars  between  — 5°  and  -r- 5°  declination,  these  being 
suitable,  from  their  large  latitude  coefficients.  A  discus- 
sion based  on  more  northerly  stars  |  •  .'.  to  •  50  I,  how- 
ever, independently  gave  an  exactly  corresponding  variation 
of  latitude  both  in  direction  and  range.  Moreovet  I  had 
ions  after  1884  •  w hich 

will   be   understood  by  reference  to  //.'.".  A 
pp.  26-28,  68   and    189-1  13.      It    is   there   shown  that  I 
feci    Of    a    deviation  from   \  erticality    of    the  upright  a\ 

ryiug  the  trough,  upon  that  of  the  float  carrying  the  tele- 
-  i  xceedingly  small,  only  one-eightieth  part.     For 
instance,  if   the    former  were  '<  '  the  latter  is  but 
though  there  is  no  record  of  readings  of  the  level  on  the  up- 
right axis,  -till  as  it  was  carefully  adjusted  at  the  beginning, 
and  found  to  be  correct  at  the  end  of  the  period  in  qui 
and   so   remained,  without    adjustment,    throughout   tl 
of    the    series  to  the  summer   of    1885  ;    and  a-  tl 
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i-  al  most  bo  trivial,  only  a  few  Uundredtbs  of  a  second  of 
arc,  I  think  we  may  accept  the  latitudei  deduced  before 
1884  Nov.  8,  with  entire  confidence.  1  therefore  give  the 
i  esults   of   the  who  ,   from   stars   south   of 

The)  may  be  deduced  very  simply,  for  observations  on  and 

after  1884  Nov.  8,  by  the  formula  =  42"  22'  48".4S  — ^^ 

(see  p.  85,  I.e.)  :  12  22'  18".43  being  the  latitude  used  in 
the  reductions  (p.  91,  line  10),  v  being  given  for  each  ob- 
servation in  the  lasl  column  pp.  195-213,  the  latitude  co- 
efficient /.  for  each  star  on  pp.  21  1-222,  and  c  cm  pp.  67-80, 
or  it  can  be  interpolated  from  the  table  on  p.  85.  Before 
1884  Nov.  8,  the  reductions  were  made  with  various  values 
of  the  latitude  (see  p.  63),  bul  for  this  investigation  the 
values  of  v  may  be  made  entirely  homogeneous  by  using 
v  +  Ly,  the  values  of  — Ly  being  taken  from  the  .column 

next   to  the  last,  pp.    185-19  I. 

( Inly  four  dates  were  omitted,  there  being  either  no  polars 
for  instrumental  correction,  or  bul  one  prime- vertical  star 
on  one  side  of  the  meridian  for  clock-correction. 

The  following  table  gives  the  values  of  dy>,  (C — O),  for 
each  night,  with  the  number  of  observations  and  approxi- 
mate sum  of    the  latitude  Coefficients,  to  indicate  the  relative 

weights. 


Grouping  the  results  according  to  the  horizontal  lines  in 
the  table,  « e  ha\  e . 


Date 

Obs. 

EL 

y> 

Date 

Ohs. 

IL 

a> 

l.s-l 

c- 

-0 

1885 

c- 

-0 

Ma\   29 

6 

0.8 

—0.07 

Jan.     2 

7 

1.6 

+  0^40 

30 

in 

3.9 

+ 

.2(1 

5 

Gi 

1.4 

+ 

.25 

June    1 

15 

5.0 

+ 

.17 

26 

7 

0.7 

— 

.94 

'J 

1.5 

+ 

.11 

-1 
8 

15 

4.9 

3  3 

+ 
4- 

.32 
22 

Feb.     7 

9 

0.6 

+ 

.13 

1.0 
2.0 
0.7 

o.i; 

+ 

+ 
+ 

.30 

.11 
.-.".I 
.16 

12 

10 

o.s 

— 

.43 

IT 

July  Id 

26 

8 
6 
6 

2.", 
25 

10 
13 

2.2 
3.1 



.24 
.15 

30 

7 

0.8 

— 

.01 

Mar.    2 

15 

3.1 

+ 

.19 

0 

9 

2.2 

+ 

.27 

Aug.    1 

10 

4.2 

+ 

,56 

6 

14 

2.8 

+ 

.13 

20 

6 

0.6 

+ 

Oil 

17 

9 

1.0 

+ 

.03 

23 

'27 

10 
9 

2.6 

1.0 

+ 
+ 

.81 
.56 

21 

7 

1.3 

— 

.74 

Sep.  20 

0 

0.5 

+ 

.02 

Apr.    1 

11 

2.1 



.37 

26 

9 

0.8 

+ 

.24 

6 

1U 

4.8 



.36 

29 

7 

0.6 

•f 

.17 

9 

4 

1.0 



.80 

Oct.    5 

7 

0.7 

+ 

.04 

10 
19 

14 

27 

2.1 
6.6 

+ 

.02 

.18 

Nov.  8 
9 

11 
1  1 

1.8 
3.9 

+ 

+ 

.16 
.24 

20 

8i 

1.9 

— 

.81 

10 

15 

4.2 

+ 

.15 

May    9 

8 

6.0 



.54 

29 

20 

2.9 

+ 

.05 

10 
17 

16 
12 

8.2 
7.0 

— 

.43    . 
.26 

Dec.    3 

12 

1.9 

+ 

.22 

21 

9 

4.3 

— 

.65 

7 
8 

G 

0.6 
0.8 

+ 
+ 

.40 

.OS 

28 

1H 

7.6 

— 

.57 

16 

13* 

1.6 

— 

.15 

June   3 

8 

3.4 



.02 

2:: 

12 

1.2 

+ 

.28 

22 

14 

3.6 



.30 

29 

8i 

1.7 

+  0.09 

25 

9 

2.4 

+  0 

.25 

Date         in.-. 

:/. 

C— O 

Date 

ohs.     IL 

c—(i 

lt»l 

1885 

.llllie  19      94 

2  1.(1 

•  0.19 

Jan.    1  1 

Sept.    7     (1:1 

1  1.0 

I     .49 

Feb.  17 

12       6.8 

—  .19 

Nov.  14     co 

12.9 

+    .20 

.Mar.  13 

54     10.9 

••    ,ol 

Dec.  11     (11 

7.8 

+  0.12 

Apr.  13 

7'.'      I-.:. 

.34 

Mav   21 

56J  88.1 

.1- 

June  17 

31       9.4 

-0.05 

A  fair  curve  drawn  through  luais  gives: 

Minimum  latitude     1884  Sept.  1 
Maximum      "  1885  May    1 

thus  a  half-period  of  apparently  222  days,  with  a  range  of 
about  0".7. 
To  show  that  the  sequence  of  the  values  is  not  accidental, 

the   results   are   given  separately  from  observations  easl  and 
west  of  the  meridian,  as  follows: 


West 

East 

Obs.     v-L     C— O 

in,.. 

v£        C-o 

1884  June  19 

38     5.9   +0.03 

56 

18.7   +0.24 

Sept.    7 

31     6.6  +    .35 

32 

4.4   +    .56 

Nov.  14 

29     8.1    +    .20 

31 

4.8   +   .19 

Dec.  14 

32£  5.2   +   .11 

28  £ 

2.6   +   .14 

1885  Jan.    11 

12J-  2.9    +    .19 

8 

0.8  —  .28 

Feb.    17 

21      3.8  —  .18 

21 

3.0  —  .l'o 

Mar.   13 

33     5.6  —  .22 

21 

5.3   +   .36 

Apr.    13 

41     9.6  —  .30 

38 

8.9  —  .88 

May    21 

23  12.4  —  .62 

331 

20.7  —  .:;:» 

June  17 

16     6.9  —0.14 

15 

2.5   +0.17 

Treating    the   results    independently    also    for    groups    in 
declination,    — 5"  to  +15°,    and    +15°  to  +50°,   we  get : 


South  of  +15° 

North  of +15° 

Obs.     EL     C— O 

Obs. 

EL     C— O 

1884  June    19 

50     20.5   +0.22 

44 

4.1    +o''o3 

Sept.      7 

17       7.5   +    .56 

46 

3.5   +    .31 

Nov.    14 

35      10.8   +    .19 

25 

2.1    +    .25 

Dec.    14 

15       3.8  —  .06 

46 

4.1    +   .30 

1885  Jan.    11 

Gi     2.6   +    .21 

14 

1.1   —  .19 

Feb.    17 

14       4.7  —  .13 

28 

2.1   —  .30 

Mar.   13 

20       8.1    +    .05 

34 

2.8  —  .02 

Apr.    13 

32     14.5  —  .32 

47 

4.0  —  .37 

Mav    21 

341  31.2  —  .47 

22 

1.9  —  .52 

June    17 

17       8.2  —0.06 

14 

1.2  —0.03 

It  thus  appears  that  the  apparent  change  in  the  latitude 
of  Cambridge  is  verified  by  this  discussion  of.  more  abun- 
dant material.  The  presumption  that  it  is  real,  ou  this  de- 
termination alone,  would  justify  further  inquiry. 

Curiously  enough  Dr.  Kdstner,  in  his  determination  of  the 
aberration  from  a  series  of  observations  coincident  in  time 
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widi  those  of  the  Almucantar,  came  upon  similar  anomalies, 
and  his  results,  published  in  1888,  furnish  a  counterpart 
to  those  which  I  hud  pointed  out  in  1885.  The  verification 
afforded  by  the  iecenf  parallel  determinations  at  Berlin, 
Prague,    Potsdam    and    Pulkowa,    which   show   a   most  Slir- 

'     mbridge,  1891  November  6. 


1  »ri-,  i  1 1  _ 

change,  in  range  and  i  i 

changes,  and  I  will  proi  sit  thern  in  • 


OBSERVATIONS  <>l     WOLF'S    PERIODIC   COMET, 

MADE     11     Mil'.    U.S.  NAVAL    OBSERVATORY    Willi    lln  '    LTORIAL, 

By  Prob   E.  FRISBY,  I 
[Communicated  by  the  Snperinl   i 


1891  Washington  M.T. 

* 

No. 

la 

—  * 

JS                     a                       8 

Sept.  24    11 

Oct.     3   10  59     0.2 

1 
2 

2  1  .  2 
15  .  3 

1.29 

— 3  2 

• 
—5  25.1         1   29 

2      1 . ! 

Mean   Places  for  1891.0 

tf  <  Comparison- Stars. 

* 

Bed.  to 

"■                      app.  place                       0                      app. 

A  lltli 

1 
2 

1    18 

+2.19 

+  16  49  33.1 

+  12  47   16.5 

+  13.4 
+  12.7 

I  irant) 

OBSERVATIONS  OF   COMET  d  1891    basnas 

MADE    Willi    1111'    15-INCH    EQUATORIAL   OF    I  III-    II  U:\   IRD    COLLEI  ::V. 

By  i>.  C.  WENDELL,  Assistant. 

[Communicated  by  I  .\  ird  C.   Pickerini 


imbridge  M.T. 

* 

Comp. 

la 

-* 

i8 

.nt 

s 

a 

Oct.  8     9     ■">  27 

20  55 

24     9     7     7 

1 
1 
•J 

7 
s 
7 

— 0   15.87 
—2  26.11 

—  2  24.0 
+  13   18.3 

55.1 
21     9  21.52      -  ;   23 

a  -- 

Mean   Places  for  1s!'/."  of  Comparison- Stars. 

* 

a 

app.  place 

s 

i 

2 

21    11    15.81 

XX, 

i          Lai.  1 

t  11 1:    a  ST  1;  o  n  o  M  i  C  a  i.    .1  o  i   i:  N  a  i.  . 
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REDISCOVER!      AND 


OBSERVATIONS    OF    THE 
SWIFT,   L880  I\'  (d  1891), 

liv   ]■;.   E.   BARNAKD. 


PERN  )I)IC     COMET     OF 


This  comet,  which  was  originally  discovered  by  Trhpel 
in  1869  (^  1869  III),  and  rediscovered  at  its  return  in  L880 
i\  i  by  shim,  has  been  carefully  searcbed  fur. 
with  the  12-incli  equatorial,  during  the  past  three  months. 

()n  the  night  of  the  27th,  after  searching  for  it,  I  was 
sweeping  to  the  southwest  of  the  ephemeris-position,  not 
specially  looking  for  the  comet,  as  I  supposed  its  position 
would  lie  pretty  closely  predicted,  and  ran  upon  an  exceed- 
ingly faint  nebulosity,  closely  involving  a  faint  Btar.     The 

object  was  bo  difficult   that    bservation  was   obtained, 

though  its  place  was  closely  located  by  tin1  small  star,  ami 
ime  recorded.  An  examination  on  Sept.  28  showed 
thai,  tlir  object  was  a  comet,  li  was  then  observed  with  the 
micrometer. 


On  Sept.  29,  I  carefully  observed  the  point  where  tin' 
comet  \\a-  seen  mi  tin'  27th.  This  could  be  quite  accurately 
done,  ami  the  position  bo  obtained  will  not  in-  more  than  3 
or  I"  in  error. 

At  first  there  was  some  doubt  of  iis  being  the  expected 
comet,  butas  the  four  nights' observations  give  essentially 
the  same  correction  to  the  ephemeris,  1  have  assumed  it  to 
be  that  object. 

The  correction  to  tin-  ephemeris  is  very  large,  tin-  comet 
being  some  l  V  west,  ami  :;  .",'  south  of  the  position  assigned 
it  by  Mi.  Bossert  in  the  Bulletin  Astronomique.  It  is  of 
i  be  1 3  \  or  11  magnitude. 

Mi.  Hamilton,  1891  Sept.  30. 


I'll. A K   MICROMETER    OBSERVATIONS   OF   THE   TEMPEL-SWIFT   PERIODIC   COMET, 
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.Ml.  Ilaiiiilt.ni   M    1 '. 
189J 

* 

No. 
Comp. 

o-_ 

da. 

-* 

j8 

£/'*  apparent 

3 

log  p  a 

for  a      1          fur  it 

Sept.  27  8  36  31 

28  8  38     2 

29  9     5  l'ii 

30  8     5    16 

1 
2 
3 
4 

6  ,  1 

6  .   1 

HI  ,  4 

1(1  .  4 

• 

+  3"  1  K(i.'. 
—3  39. 21 
—2     7.07 
+  1    18.44 

—3  4(i."o 

—  1   30.6 

—  1    22.2 
+  5     2.9 

20" :,  l'"  :>/.i.s 
20  .".."i    15.43 
20  53  23.71 
20  53     6.0 

—  1   32  22.9 

—  1    22  36.2 

—  1    12  59.8 

—  1     2.9 

8.301 
8.491 
8.982 

7*8.301 

o.:.".7 

(1.717 
ii.7I.-I 

0.7.;- 

Mean  Places  for  1891.0 

of  Comparison- Stars. 

* 

Red.  to 
a                    app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

2 
3 
4 

h       111        8 

20  50  56.75 
20  57  22.4  7 
20  55  28.62 
20  51    45.4 

+  2.18 

+  2.17 
+  2.16 
+  2.15 

— l°28'o3!l 

—  1   21   15.8 

—  1    11   47.8 

—  1   8.1 

+  11. .2 
+  10.2 
+  10.2 
+  10.3 

W.B.  XX,  1254 
Gould  28858 
W.B.  XX.  1352 

DM.  — 1°4083 

OBSERVATIONS  OF  SATELLITES  OF  SATURN  AT  PRINCETON,  X.J.,  IX  1891, 


[All  times  are 


Communicated  by  Prof.  C.  A.  YOUNG. 
Eastern  Standard,"  Ave  hours  slow  of  Greenwich  Mean  Time.] 


I.     Reappearance  of  satellite-,  from  eclipse. 

(1.)     Aprils,     nhea.    Halsted  Obs'y.     ('.AY.  Obs. 
Satellite  reappeared  at  8h  56m.O  ±30".     The  phenomenon 
had  not  been  looked  for,  but  was  observed  unexpectedly, 

and    he  time  is  a  little  uncertain. 

(2.)     April  17.     Rhea.     Halsted.  ObVy.     C.A.Y.  Obs. 

h        m       s 

Satellite  firsl  glimpsed  at  9  53  45 

Bright  as  Enceladus,  9  54  50  ±5S 

Bright  as  Tethys,  9  56  20  ±10* 

Fall  brightness  before,  9  57  30 


(3.)     April  26.    Shea.    Halsted  Obs'y.    Taylok Reed  Obs. 


First  seen, 
Bright  as  Enci  ladus, 
Bright  as  Dione, 
Bright  as  Tethys. 
Full  brightness, 


10  52     4 

10  53  24  ±5' 

10  54  19  ±15" 
in  54  34  ±15s 
10  57     0  ±lm 


Same    phenomenon    observed    at    the    School    of   Science 
Observatory,  by  C.A.Y.,  with  9.1-inch  telescope. 


First  seen, 
Bright  as  Tethys, 


10  53     2 

10   54   37  ±55 
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(4.)    April27.     Dtone.     Halsted  Obs^y.     C.A.I 

Satellite  first  seen  8h  .J.S"1  30*;  full  ligbt  regained  in  about 
1"'.  Same  observed  at  School  of  Scieoci  Observatory  by 
T.  Ri  i  i..     S 

a-  observed  by  C.A.T.  with  the  23-inch;  probaby  'i  , 
servation  eras  late. ) 

II.  Configurations  of  satellites.  (All  the  observations 
«cre  made  with  the  23-inch  equatorial.) 

(1.)     April  18.      Mimas.     Halsl 

Superior  conjunction  with  western  extremity  of  the  ring 

at    11  :  30*.       Powei 

10).     Observations  satisfactory. 

(2.)     April  15.      Uimas.     Halsted  Obs'y.     C.A.T.  Obe 

Superior  conjunction  with  western  end  of  the  ring  at 
8''  lG,n..-)  ±2m.  Tower  360.  Observation  difficult  from  un- 
steadiness of  the  seeing.     Satellite  not  seen  aft.  r  E     - 


Superior  conjunction  with  eastern  end 
i  'i      Observi 


Inferior  conjunction  with  eas 

: 


Superior  conjunction  with  western  end  • 
1'.  iwer  480. 
limb  of  the   planet,  the 

i  1  b    1  0  I 

planet  for  aboul  30  .     Thi    observatioi    ■■•    - 
but  on  the  whole  satisfactory. 

The  same  evening  the  eastern  e!..i. gation  i 
watched  from  9b  25  The  eloi  _ 

to  have  occurred  at  9h  45™  ±5m. 


DISCOVERT    AND   OBSERVATIONS   OF    A    COMET 

liv   E.   E.   BARNARD. 


On  the  morning  of  October  3,  while  sweeping  for 
with  the  4-inch  broken-tube  cornel  seeker.  I  found  a  nebu- 
lous object  in  the  field  with  a  1"  star.  Upon  examining  this 
with  the  12-inch  it  was  found  to  be  a  new  comet.  As  day- 
light was  already  on  hand,  there  was  scarcely  time  to  secure 
a  position,  but  fortunately,  from  the  proximity  of  the  com- 
parison-star, a  few  minuter  sufficed   to  fix  it>  place  accu- 

Mt.  I/amilto,,,  1891  October  ■>■!. 


ratelv.      Even  in  the  very  brief  interval  dining  which 
motion  was  detected. 

Tie  -    about  !-".  ami    1'  in   diameter.      1; 

with  no  nucleus  or  tail. 

Following  are  the  observatio  iuredofit.     From 

these  three  positions  Mr.  Campbell  computed  I   - 
the  comet,  on  the  morning  of  Oct.  5. 


FILAR-MICROMETER   OBSERVATIONS   OF   COMET  e  1891     barna* 

<H|.|    nun    mi     i:  is JCATOBIA]    01     l CK  OB8EBVATOB1      BT  1      1     BABKJLBD 


Mt.  Hamilton  M.T. 

* 

No. 

- 

-* 

parent 

A 

1891 

Corap. 

la 

/S 

a 

8 

16  54 

1 

lo  .  3 

+0  : 

—  0 

- 

S 

it;    7  50 

2 

12  ,  1 

+  0  23.17 

- 

—29   ; 

1 

16     l  35 

8 

1  .  ."■ 

—  1   25.82 

—15      1.7 

7  42  54.06 

:> 

15  55   1  1 

l 

12,   I 

—  1    16.94 

—  8  29.4 

-82   i 

G 

16   15   19 

5 

1  1  .  1 

9.67 

7 

16  23 

6 

2 

+   6 

1    12.5 

16    19  -.'7 

6 

12 

— 3 

8     l 

8 

16   11    18 

< 

\-^  .  1 

— 0     5.31 

—  8  26.4 

B     - 

9 

16   16 

8 

+  0     7.71 

9.9 

- 

*  Difference  of  rlght-ascenslon  measured  direct  with  micro 
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Mm, i   Places  for  1891.0  >>/  Comparison-Stars. 


* 

a 

Red.  to 
app.  place 

s 

Red.  to 
app.  place 

Authority 

1 

27  52  29.5 

+  17.2 

Washington 

■J 

7  86  37.0] 

-  -29   17   18.9 

+  17.L> 

Gould  9952 

3 

7    1 1    18.72 

—30  29     5.1 

+  17.2 

Gould  10210 

1 

7  50    15.12 

—32   li'  20.8 

+  17.1 

Wash.  Mer.  Tr.  Zone  '-'17.  No.  64 

."i 

7   '•  1   ■"'  1.55 

1  0.57 

16  58.3 

\\  ash.  Mer.  C.  /.in,-  166,  No.  11 

6 

— :v,     - 

+  16.6 

Gould  10820 

7 

81.08 

— 36  20  24.5 

Wash.  Mer.  C.  Zone  171.  No.  26. 

8   1.".     7.88 

— .",7  50      1.9 

+  16.0 

Wash.  .Mm-.  Zone  284,  No.  26. 

..-r  -I.     iii  the  right-ascension  - 
star  were  in  the°*e£treme  edge  of  the  field,  and  the  right-as 
therefore  i-  Dot  so  reliable  as  it  mig 

The  rapid  southeast  moti E  the  cornel  soon  carried  it  below 

our  horizon,  and  consequently  bul  few  observations  were  obtained 


<>f  it.    It  could  have  been  followed  a  few  days  longer,  bat  a  thirl; 
southeastern  sky  prevented  it  being  seen  after  the  9th. 

Some  "f  tlic  comparison-stars  were  difficult  of  identification. 
Star  1  may  be  wrongly  identified. 


NEW   ASTEROIDS. 

A 'i  asteroid  of  the  thirteenth  magnitude  was  discovered  by  C  baklois,  at  Nice,  October  8,  in  tin;  position, 
Oct.  8.5915  (ir.  M.T.     re  =  01    12  '  27  .7.     8  =  +3°  21'  54".      Daily  motion,  —36"  in  right-ascension,  and  8'  southward. 

An  asteroid  of  the  thii  uitude  was  discos  ered  by  I'm  i-  \.  at  Vienna,  ( let.  11.  in  the  position, 

Oct.  11.4056  Gr.  M.T.     «  =  l1  19"    10*.  1,     6  =  +13°  44'  56".     Daily 'motion, — 44' in  right-ascension,  and  8' southward. 

An  asteroid  of  the  twelfth  magnitude  was  discovered  by  Palisa.  at  Vienna,  Oct.  15,  in  the  position, 
Oct.  15.4177  Gr.  M.T.     «=2'   IS     18*-0,     S  =  +13°  12'  34".     Daily  motion, — 18' in  right-ascension,  and  8' southward. 


311 

Cfl  u:ij  US, 

June  11 

:;m 

Charlois, 

3 1  2 

C'llAI. 

Aug.  -28 

315 

Palisa, 

313 

Palisa, 

Aug.  30 

316 

Charli  >i-. 

Thi   small  plan  I  discovered  by  Palisa  August  11  (A.J.  XI  34)  proves  to  have  been  no.  149,  Medusa,  and  the  identity 
i  of  Sept.   1  with  no.  291,  Alice,  has  been  confirmed.     The  notation  thus  becomes 

Sept.  1  317         Charlois,  Sept.    9 

Sept.  4  318        Charlois,         Sept.  24 

Sept.  8 

The  three,  now  announced,  will  therefore  hear  the  numbers  319  to  321,  on  the  assumption  that  they  have  not  been 
previously  seen. 

Names  have  been  assigned  as  follows: 

304         Olga,  309        Fraternitas, 

301        Bav<  306         Unitas,  313         Ghaldea. 

The  name  for  no.  313  was  assigned  by  Miss  Catherine  W.  Bruce,  of  New  York,  at  the  invitation  of  Dr.  Palisa.  in 
token  of  the  gratitude  of  astronomers. 
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ON    THE    VARIATION    OF    LATITUDE, 

l'.v  s.  C.  CHANDLER. 


II. 


Before  entering  upon  the  details  of  the  investigations 
spoken  of  in  the  preceding  number,  it  is  convenient  to  say 
that  the  general  resull  of  a  preliminary  discussion  is  to  show 
a  revolution  of  the  earth's  pole  in  a  period  of  127  days, 
from  west  to  east,  with  a  radius  of  thirty  feet,  measured  at 
the  earth's  surface.  Assuming  provisionally,  for  the  purpose 

..i  Btate ni.  thai  this  is  a  motion  of  the  north  pole  of  the 

principal  axis  of  inertia  about  that  of  the  axis  of  rotation,  the 
direction  of  the  former  from  the  latter  lay  towards  the 
Greenwich  meridian  about  the  beginning  of  the  year  1890. 
This,  with  the  period  of  127  days,  will  serve  to  fix  approxi- 
mately tlic  relative  positions  of  these  axes  at  any  other  time, 
for  any  given  meridian.  It  is  not  possible  al  this  stage  of 
the  investigation  to  be  more  precise,  as  there  are  tacts  which 
appear  to  show  thai  the  rotation  is  not  a  perfectly  uniform 
one,  bul  is  subject  to  secular  change,  and  perhaps  irregulari- 
ties within  brief  spaces  of  time. 

Iln-  evidence  n { •< >n  the  several  points  covered  iu  the  above 
statement  «ill  appear  in  course  of  the  presentation  of  the 


various  discussions,  which  I  will  now  proceed  to  take  up  in 
a  convenient  order. 

First,  it  is  instinctive  to  compare  the  results  which  may 
be  deduced  from  Dr.  Kustner's  memoir  on  the  aberration- 
constant,  determined  with  a  universal  transit-instrument,  at 
Berlin,  in  1884-85,  with  the  contemporaneous  almocantar 
observations.  I  have  computed  the  following  table  from 
the  data  on  pp.  38-44,  57,  of  that  memoir.  The  first  col- 
umn indicates  the  grouping  of  the  observations  :  the  ~ccoi.il 
to  the  eighth  columns  give,  lor  each  pair  of  stars,  the  oh- 
served  value  of  the  latitude  (a  til  the 

number  of  observations.      The  last  two  columns  give  the 

mean    value    for   each    group  and  the   deviation     ' 
an  assumed  value,  52     SO1   16".70.      The    mean  value    I 
latitude  actually  given  by  the  whole   sci  i.  -  but   it 

is  evident  that  if  the  hypothesis  ol  a    127-day  period    - 
red.  the  true  mean  value  could  only  be  found  from   a 
covering  an  interval  of  fourteen  months. 


1 

ii 

in 

IV 

V 

VI 

VII 

Mean 

Apr.      1'   -    Apr.   26 

28   -    Mav    -Jl 

May    22  -  July   30 

An--      1    -   An-.   1  1 

16  -            28 

Sept.   'Jl    -    Oct.      is 

Oct.    20  -  Nov.  30 

Mar.    12   -    Mar.  31 
Apr.    1.".   -    Apr.    30 
May      7   -    May    28 

0.75    lo 
o  T'.i     :i 

0.67    l 
Q.67   i 

0.42   i 

0.86   10 
0.72     l 

l.oo     6 
1 .02     9 
l .  1 6    :'. 

o  s7      ; 
1.02     ." 

IT 

0.90  7 

- 
•_'l      —  .190 
.952   16      —  .•-'■''•-' 
22      -   .190 

II  'Ml    10 

i  07  a 

0.62  5 
0.54   6 
0.92  :> 

il      i.na  :. 

1 .  l  -J  11 

l.o;     7 

l.o;;  6 

l.o,;  in 

0.90   10 
1.07     2 

.940  i 

0.51     6 

n. To     6 

o.io  :; 
o  .  s  g 

0.31    1 
0.12    1 

0.59     :'■ 
0.66     7 

.455    I''. 
. «» 1 1   27 

The  various  pairs  of  stars  are  in  good  harmony  as  to  the      For  convenient  comparison  with  the  simultaueo   - 
nature  of  the  latitude-change,  which  is  clearly  interpn  \  on  at  Cambridge,  the  following  parallel  statemi 

from   the    mean    values   and   residuals   in    the    hist    columns.       be  serviceable. 
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Almacantar 

KUstner 

1884 

Apr. 

11 

—0.06 

May 

10 

—  .19 

June 

II 
19 

+  0.19 

—  .25 

Aug 

7 

—  .19 

Aug. 

21 

—  .24 

Sept. 

7 

+  .49 

Oct. 

8  . 

—  .30 

Nov  . 

1 
1  1 

+  .20 

—  .24 

Dec. 

1  1 

+  .12 

Jan. 
Feb. 

1  1 
17 

+  .09 
—  .19 

Mar. 

13 
23 

+  .04 

+  .24 

Apr. 

13 

21 

—  ..",1 

+  .09 

May 

14 
21 

—  .48 

0.00 

June 

17 

—0.05 

Tims,  in  the  autumn  of  1884,  when  the  Cambridge  lati- 
tudes were  the  smallest,  those  of  Berlin  were  the  largest; 
while  in  the  spring  of  1885  this  condition  was  reversed. 
The  break  of  four  months  in  the  Berlin  series  unfortunately 
prevents  our  fixing  the  epoch  of  minimum  with  certainty, 
Imt  it  probably  occurred  in  January  or  February  of  1885; 
while  at  Cambridge  this  phase  was  in  September  or  October 
of  1884.  If  the  values  in  the  table  be  charted  and  curves 
drawn,  it  will  be  evident  on  trial  that  they  can  be  made  1" 
correspond  satisfactorily  by  assuming  that  the  occurrence  of 
any  given  phase  at  Cambridge  preceded  thai  al  Berlin  by 
about  one-quarter  of  the  period  of  427  days,  but  not  at  all 
by  assuming  that  it  followed  by  that  amount.  This  would 
apparently  indicate  that  the  polar  motion  is  from  west  to 
east,  or  in  the  direction  of  increasing  right-ascension.  It 
will  In-  seen  later  that  this  hypothesis  conforms  with  the 
other  evidence  bearing  on  this  point. 


I  now  lake  up  the  observations  with  the  Pulkowa  vertical 

circle,  which  have  been  provocative  of  BO  much  inquiry,  so 
far  without  any  solution  of  the  anomalies  which  they  show. 
Iii  regard  to  this  question  of  latitude-variation.  Tin-  results 
for  each  of  tin-  observer.^  will  be  treated  separately!  to  elim- 
inate the  possible  effect  of  persona]  equation.  En  order  to 
Bhow  convincingly  the  existence  of  the  127-day  period,  as 
well  as  ii.  illustrate  the  method  pursued  in  discussing  all  the 
series  hereafter  to  be  presented,  1  will  give  in  detail  the  pro- 
cess as  applied  lo  i.ii  m  \'>  observations  of  Polaris,  in  order 
io  afford  means  lor  searching  criticism  as  to  the  allowability 
of  the  method.  In  view  of  the  importance  of  the  subject, 
there  seems  to  be  no  reason  to  apologize  for  this  circum- 
stantiality in  the  case  of  oue  series.  In  presenting  the  re- 
sults similarly  deduced  from  the  other  Beries,  it  will  suffice 
to  give  only  such  data  as  will  enable  any  one  to  verify  them 
easily. 

Ovi.mn's  observations,  as  employed  by  Nyui'n  to  deduce 
the  latitude  of  Pulkowa,  are  given  on  pp.  23-27  of  his 
memoir.  The  last  column,  //'.  of  that  table  give-,  the  devi- 
ations (O — (')  of  the  observed  values  of  the  latitude,  after 
reducing  to  the  latitude  59°  46'  18".654,  and  the  correction 
to  the  declination  — 0".08,  found  from  Gtld4n's  observa- 
tions alone,  and  to  the  aberration-constant  20". 495,  and 
parallax  (i.O.'iC.  resulting  from  the  combination  of  Pbti  rs's, 
Oyi.okn's  and  Nyhkn's  observations.  In  the  following  table. 
columns  1  and  2  give  the  mean  dates  and  values  of  ><',  follow- 
ing Kustnee's  classification  in  groups  of  10  observations  in 
general,  varied  where  gaps  in  the  dates  require  another 
separation.  Column  I  gives  the  corresponding  Julian  day. 
Now  it  is  plain  that,  if  the  127-day  period  subsists,  we  ought 
to  find,  by  adding  01'  subtracting  multiplies  of  127  days,  to 
bring  the  dates  into  one  period,  and  by  arranging  these  new- 
dates  in  numerical  order,  that  the  corresponding  values  of 
//'  will  fall  into  an  algebraical  sequence,  within  the  limits  of 
the  accidental  errors.  Column  5  accordingly  gives  the  dales 
so  modified  as  to  bring  them  within  the  limits  2402400- 
2  402  800.  column  6  indicates  the  order  iu  this  new  arrange- 
ment, and  columns  7  to  10  the  data  in  this  new  order. 


1 

2 

3 

4 

5 

6 

1803  Dec. 

3 

+o''oi 

10 

1843 

2697 

18 

1864  Feb. 

14 

—  .10 

10 

1916 

2770 

23 

Apr. 

•_> 

—  .13 

10 

1964 

2818 

26 

May 

7 

—  .17 

10 

1999 

2126 

2 

June 

20 

+  .04 

10 

20  13 

217o 

6 

July 

9 

+  .01 

7 

2062 

2489 

7 

Sept. 

17 

+  .26 

11 

21.".  2 

2559 

11 

Oct. 

8 

+  .28 

10 

2153 

2580 

13 

Nov. 

7 

+  .26 

io  ■' 

2183 

2610 

15 

1865  Mar. 

1!) 

—  .08 

12 

231.-. 

274  2 

20 

Apr. 

t 

—  .16 

10 

2334 

2761 

22 

Apr. 

23 

—0.17 

10 

2360 

2787 

24 

211!)  —0.28 
2426  —  .17 
2435       —  .05 


10 
10 
10 


4 

2443 

—  .21 

6 

5 

2468 

—  .31 

10 

ii 

04 

10 

7 

2489 

+   .01 

7 

8 

2507 

—  .04 

10 

9 

2537 

—  .06 

9 

10 

2551 

+  .19 

3 

11 

2559 

+  .26 

11 

12 

2567 

—0.19 

12 

2402427 


2  ni  3 


2513 


2402562 


-0.17 


4-0.04 
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.Kill;  N  A  I 

7 

8 

10 

13 

2580 

10 

14 

2607 

+ 

.02 

3 

15 

2610 

+ 

.26 

10 

16 

26  it 

+ 

.38  - 

12 

17 

2664 

+ 

.39 

4 

is 

2697 

+ 

.01 

10 

in 

2714 

+ 

.02 

:; 

20 

2742 

— 

.08 

12 

21 

2760 

— 

.24 

8 

22 

2761 

— 

.16 

10 

23 

-77ii 

— 

.10 

10 

24 

2787 

.17 

10 

2.1 

2793 

— 

.21 

6 

26 

2818 

— 

.13 

10 

1 

2 

3 

4 

5 

>■■ 

1865  Mav 

9 

—0.21 

6 

■j:;r,r, 

2793 

•J.". 

Sept. 

•-'7 

— 

.04 

Hi 

■>:<*>: 

2507 

B 

Nov. 

in 

+ 

.19 

3 

2551 

-.'."..".I 

in 

1866  Sept. 

17 

— 

.05 

in 

2862 

2435 

:; 

Oct. 

20 

— 

.31 

10 

2895 

5 

1867  May 

4 

+ 

.39 

1 

3091 

2664 

17 

Oct. 

10 

— 

.22 

10 

3250 

2823 

27 

Nov. 

•_' 

— 

.28 

10 

3273 

2419 

1 

1868  Mar. 

29 

— 

.19 

12 

.".  1  -.'  1 

2567 

12 

June 

17 

+ 

.38 

12 

3501 

2647 

16 

Oct. 

8 

— 

.24 

8 

361  1 

2760 

21 

1869  Apr. 

30 

— 

.06 

9 

3818 

2537 

9 

July 

9 

+ 

.02 

3 

2607 

1  1 

Oct. 

21 

+ 

.iil' 

3 

3995 

271  1 

19 

1870  Mar. 

29 

—0.21 

6 

1 1 :.  i 

24  1/. 

4 

2732 


-    .24 


—   .12 


240281 1 


—0.18 


The  progression  of  the  values  of  »'  in  column  9  leaves 

nothing  to  be  desired,  and  is  still  i v  striking  in  the  means, 

columns  11  and  12.  taken  in  groups  <>(  threej  by  weights. 

It  seems  in  me,  then,  that  this  series  attests  in  the  most 
satisfactory  manner  the  reality  of  tin-  127-day  period.  The 
given  will  hereafter  enable  us  to  assign  normal  epochs 
for  the  maximum  and  minimum  latitudes  according  to  this 
scries,  when  we  come  to  combine  ii  with  others  to  ascertain 
i  he  mosl  probable  value  of  the  period,  and  the  nature  of  its 
variations  from  uniformity. 

lie  evidence  of  this  427-day  period  oughl  to  appear  in  a 
similar  way  from  stars  soutb  of  the  zenith,  ami  to  test 
whether  it  does  so  I  have  selected  from  volume  XTV  of  the 
Pulkowa  Observations  Hie  following  fifteen  Btars  culminating 
within  50°  of  the  zenith,  south,  ami  which  were  observed  by 
Gyi.dkm  between   1*0.'!  an.  I   I  NO  7  at  least  ten  times  each  : 

<(  Andromedae,  a  .1  wrigae,  a  '  'o\ 

;  Pegasi,  I  Faun",  a  /./ 

,'.  . Irietis,  I  '•<  minor  Wm,  ;■  Aqv 

a  Persei,  I   -niix.  tgni, 

k  Tauri,  a  Bootis,  e  Pegasi. 

After  deducting  each  observed  declination  from  the  mean 
of  all.  for  each  star,  the  residuals  wire  arranged  according  to 
the  month  of  observation,  and  the  means  taken.  Treating 
the  results  exactly  as  we  have  done  those  of  Polaris,  bj  ap- 
plying multiples  of  127  days  to  the  dates,  to  refer  all  to  the 


period  between  2  102  10(  Julian  dates, 

follows  : 


187 

July 

in 

0.04 

18 

1619 

5046 

N.it. 

28 

+    .17) 

13 

I7r.il 

.MS7 

1ST: 

Mai 

20 

—   .(17. 

l  l 

is  7:; 

6800 

Apr. 

27 

—   .16 

in 

19]  1 

Mai 

15 

0.18 

111 

1929 

•_>  1H2  121 

+0.03 

2  1  •".  1 

+  .n:; 

2506 

+    .14 

2560 

+    .19 

2598 

+    .24 

2665 

+    .03 

2729 

—   .22 

•J7s7 

—0.25 

Comparing  this  with  the  last  two  columns  of  the  table  for 
..  al.o\  e  given,  we  see  the  same  phenomenon  exhibited  ; 
if  in  a  less  striking  degree,  it  must  be  remembered  that  the 
means  of  the  observed  declinations,  with  which  the  residuals 
for  each  star  are  formed,  are  only  partially  freed  from  the 
effectof  the  latitude-variation,  the  ol.ser\  ations  being  neither 
sufficiently  numerous  nor  well  distributed  to  eliminate  it.  ex- 
cepl  imperfectly.  This  subject  deserves  a  more  complete 
dis. tussion  than  I  have  here  given  it. 

I   now  present,  in  tie-  table  below,  Nyh 

of  the  latitude  of  Pulkowa,  treated  exactly  in  the  same  way 
as  Gyld£n's.  In  the  memoir  above  quoted  Nikin  has  em- 
ployed his  own  observations  to  1873  May  l.     [n  volume  \l\ 

..I'    the    Pulkowa    0  ■    however,    there    ale    82    more 

observations  of  Polaris,  bringing  the  series  down  to  1875 

.Inly    9.      1    have    reduced    these    in    a    precisely    similar    nay. 

forming  values  of  n'  which  are  homogeneous  with,  and  may 

uded  as  a  continuation  of.  the  last  column 
of  the  memoir  in  question. 


5083       —0.04         1" 
5046       —  .04  13 


5070 


5090       —  .02 

:.  1  /.  I 


in 
10 


10 


2405104 


—cm 
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1 

2 

■  ■ 

4 

.'. 

<; 

7 

8 

!l 

10 

1872  .Tune 

1  1 

— f 

.1(1 

in 

L956 

5888 

•_"j 

6 

5158 

+  ( 

.20 

11 

An-. 

•_>7 

— 

.04 

10 

5083 

;hi:;;; 

l 

7 

.'.17s 

+ 

.28 

5 

Oct. 

3 

— 

.02 

10 

;,o7o 

3 

8 

5187 

+ 

.15 

13 

Oct. 

28 

— 

.112 

10 

1 

9 

5199 

+ 

.10 

10 

Dec. 

28 

+ 

.04 

111 

.".  1  .">  1 

5 1  5 1 

."> 

10 

5207 

+ 

.08 

10 

is:;;  Feb. 

17 
18 

+ 
+ 

.OS 
.10 

10 

10 

.".207 

5286 

5207 
5236 

10 
12 

11 

.".21.-. 

+ 

.27 

7 

Mar. 

12 

5236 

+ 

.10 

10 

Vpr. 

l 

+ 

.111 

13 

5250 

5250 

14 

18 

5239 

+ 

.19 

10 

Apr. 

23 

— 

.(12 

12 

5272 

.-.2  72 

16 

i  I 

5250 

+ 

.01 

13 

May 

30 

— 

.02 

10 

5309 

5309 

18 

15 

5268 

+ 

.08 

12 

June 

•_>:, 

— 

.09 

9 

.-i.",:;;, 

5335 

19 

16 

5272 

— 

.02 

12 

1874  Apr. 

12^ 

+ 

.10 

10 

5626 

5199 

9 

17 

5300 

— 

.05 

1  1 

May 

2  -J 

+ 

.19 

10 

5666 

5239 

L3 

18 

5309 

— 

.02 

10 

June 

20 

+ 

.IKS 

12 

5695 

5268 

15 

19 

;,:;:;;, 

— 

.09 

9 

Oct. 

19 

— 

.06 

7 

5816 

5389 

2.-. 

20 

.-,:;;;s 

— 

.16 

10 

1ST.".  May 

3 

+ 

.20 

11 

6012 

5158 

6 

21 

.->:;.-.  6 

— 

.18 

10 

May 

28 

+ 

.28 

5 

6032 

.")  1 78 

7 

22 

5383 

— 

.10 

10 

June 

21) 

+  0 

.27 

7 

6069 

5215 

11 

23 

5889 

—0.06 

7 

2405174 


5206 


5242 


5281 


7,32; 


2405375 


4-0.19 


+    .14 


+    .09 


.00 


—  .09 


—0.12 


Grouping  these  values,  which  represent  the  excess  of  the 
observed  latitudes  over  59°  46'  L8".50,  we  have,  in  columns 

1.  2  and  :'..  the  mean  date,  mean  value  of  n',  and  the  number 
of  observations,  respectively.  The  formation  of  the  other 
columns  is  t  lie  same  as  in  the  table  of  Gylden's  observations, 
already  fully  explained. 

The  observed  values  of  the  latitude-deviations,  in  column 
9,  fall  into  place  in  the  progression  even  more  satisfactorily, 
if  possible,  than  in  Gylden's  series.  It  will  be  noted,  too, 
that  the  interval  between  the  normal  epochs  of  maximum 
latitude,  as  indicated  by  the  two  series,  is  almost  exactly 
a  multiple  of  427  days  (i.e.,  approximately,  2405180- 
2402620  =  2560  =  6X426.7).  Taking  all  these  facts  in 
connection,  there  seems  to  be  little  room  for  doubt  that 
this  127-day  period  furnishes  the  true  key  to  the  trouble- 
some discordances  in  the  Pulkowa  latitudes.  I  now  proceed 
to  show  that  it  unlocks  as  readily  the  mystery  attaching  to 
another  series  of  observations. — one  which  it  has  heretofore 
been  attempted  to  reconcile  with  Euler's  well  known  theo- 
retical ten-month  period,  with  the  same  negative  result  as  in 
the  ease  of  the  Pulkowa  latitudi  S. 

In  ls62  Prof.  Hobbard  began  a  series  of  observations  of 
,'.  I. iimc  at  the  "Washington  Observatory  with  the  prime 
vertical  transit-instrument,  for  the  purpose  of  determining 
the  constants  of  aberration  and  nutation  and  the  parallax  of 
the  star.  The  methods  of  observation  and  reduction  were 
ci  (formed  to  those  used  with  such  success  by  W.  Strove. 
Alter  Hubbard's  death  the  series  was  continued  by  Profes- 
sors Newcomb,  Hall  and  HarIcness,  until  the  beginning 
of  1867.  Prof.  Hall  describes  these  observations  as  the 
most  accurate  determinations  of  declination  ever  made  at  the 
Naval  Observatory.  The  probable  error  of  a  declination 
from  a  single  transit  was  ± 0".  141,  and,  judging  from  the  ac- 


cidental errors,  the  series  ought  to  give  trustworthy  results. 
Upon  reducing  them,  however,  it  was  found  that  some  ab- 
normal source  of  error  existed,  which  resulted  in  anomalous 
values  of  the  aberration-constant  in  the  different  years,  and 
a  negative  parallax  in  all.  A  careful  verification  of  the 
processes  of  reduction  failed  to  discover  the  cause  of  the 
trouble,  and  Prof.  Hall  says  that  the  results  must  stand  as 
printed,  and  that  probably  some  annual  disturbance  in  the 
observations  or  the  instrument  occurred,  which  will  never  be 
explained,  and  which  renders  all  deductions  from  them  un- 
certain. The  trouble  could  not  be  connected  with  personal 
equation,  the  anomalies  remaining  when  the  observations  of 
the  four  observers  who  took  part  were  separately  treated. 
Nor,  as  Prof.  Hall  points  out,  will  the  theoretical  ten-month 
period  in  the  latitude  furnish  the  explanation. 

It  is  manifest,  however,  that  if  the  127-day  period  exists,  its 
effect  ought  to  appear  distinctly  in  declination-measurements 
of  such  high  degree  of  excellence  as  these  presumably  were, 
and.  as  I  hope  satisfactorily  to  show,  actually  are.  When 
this  variation  is  taken  into  account,  the  observations  will  un- 
questionably vindicate  the  high  expectations  entertained  with 
regard  to  them  by  the  accomplished  and  skilful  astronomers 
who  designed  and  carried  them  out. 

The  method  of  treat  ing  these i  ibservations  in  the  present  dis- 
cussion is  as  follows.  Grouping  the  individual  measurements 
as  given  by  Prof.  Hall  (  AstronomicalJburnal,  VIII,  pp.  1-5, 
9-13),  we  have  the  mean  date,  the  number  of  observations, 
and  the  mean  value  of  n,  in  the  first  three  columns  below. 
The  quantity  »  is  the  value  of  Ab  (C — O)  reckoned  with  an 
assumed  declination,  and  referred  to  Struve's  constant  of 
aberration.  From  the  various  determinations  of  the  parallax 
of  the  star  deserving  of  confidence,  (Hall,  o'M34;  Brdn- 
now,  0".188  and  0".214  ;  Johnson.  0".154  ;  Struve,  o".147  : 


N"  249. 


THE     A  S'J  ROJSOMICAL     JOUB  N  A  I. 


.;:• 


W.  Sun  ve,  0".262;  Peters,  0".103),  we  maj  safely  assume 
the  value  0".  15,  :uul  with  this  the  correct  ions  in  column  i  are 
computed.  Column  5  gives  the  reduction  to  Nyren's  aber- 
ration-constant. Column  6  then  represents  the  value  of 
J8  (C — O),  or  //c'(() — C),  freed  from  parallax  and  aber- 
ration, and  subject  t"  the  ••nor  of  the  assumed  declination, 
and  in  ilii-  effect  of  the  12 7-day  period  <>f  variation  in  the 
latitude.     The  last  column  gives  the  Julian  date. 


Date       Obs 

n 

l'arall. 

Aberr. 

■if 

■2  1 .0 

181!! 

+ 

Apr.  10 

lo 

—0.0' 

+0.01 

— 0.0-; 

1241 

May   13 

10 

— 

.(Mi.', 

4- 

.100 

— 

.0211    + 

.066 

1271 

June    9     10 

4- 

.003 

+ 

.129 

— 

.0  12    + 

.120 

1301 

June  29     in 

— 

.o;,:; 

+ 

.1:;:. 

.1 1 

.082 

1321 

July  28     Hi 

— 

.096 

4- 

.116 

4- 

.022     1 

.0  12 

1350 

Aug.  24     Hi 

— 

.077 

+ 

.07;; 

4- 

.032 

1377 

Oct.     (i     1 1 

+ 

.266 

— 

.017 

4- 

.043    + 

.2'..  2 

1  12o 

Oct    30     li 

4- 

.071 

— 

.or,;. 

4- 

.087    4 

.OH' 

Mil 

Dec.    10      11 

+ 

.oii7 

— 

.128 

4- 

.013   — 

.hi;; 

1  185 

Jan.  26     10 



.Hi-.' 



.109 



.011     — 

.222 

1582 

Mar.   1!»      10 

4- 

.211 

— 

.01  1 

— 

.023    J 

.177 

1 58  1 

Apr.  27      :i 

4- 

.384 

+ 

.063 

— 

.038     t 

.100 

1623 

June    1      9 

4- 

.iio.s 

+ 

.121 

— 

.(lis    4- 

.111 

1658 

Sept.  17    11 

— 

.lis 

+ 

.026 

4- 

.043  — 

.070 

1766 

Nov.    6     11 

— 

.0(11 

— 

.070 

4- 

.035 

.099 

1816 

Dec.  12     11 

— 

.061 

— 

.125 

4- 

.009  — 

.177 

1852 

Jan"  28     Hi 



.013 



.111 



.021    — 

.154 

1894 

Mar.     8      Hi 

-1- 

.246 

— 

.087 

— 

.042    4 

.167 

1989 

June    •"'     Hi 

— 

.061 

4- 

.  1  26 

— 

.015     ' 

.050 

202S 

June  28     10 

4- 

.11:; 

+ 

.134 

4- 

.001     -f- 

.2  is 

20.-,  1 

July  21     Hi 

+ 

.071 

+ 

.123 

4- 

.017    4- 

.21  1 

207  1 

Aug.  14     lo 

4- 

.022 

+ 

.091 

4- 

.032    4 

.1  15 

2098 

25     Hi 

— 

.020 

4- 

.008 

4- 

.oil      f 

.032 

2  1  10 

Oct.  25     Hi 

— 

.094 

— 

.060 

4- 

.039  — 

.  1  1 .-. 

2170 

Dec      1     lo 

— 

,220 

— 

.lis 

4- 

...I- 

.820 

2207 

.la  i'i.     19       10 



.i<;.-. 



.lis 



.018 

.301 

2256 

Mar.     7      10 

+ 

.062 

— 

.042 

— 

.021     r 

.01.1 

2803 

May   21      10 

4- 

.OIL' 

+ 

.109 

— 

.012     ' 

.in;. 

2878 

June  29 

10 

— 

.01   1 

4- 

.  1  8  1 

4- 

.002 

4- 

,122 

2  117 

July  81 

9 

4- 

.262 

+ 

.11--' 

4- 

.02  1 

4- 

.898 

2  1  10 

Sept.  21 

!l 

+ 

.-.'70 

4- 

.018 

4- 

.n|:; 

4- 

..•;;;i 

■'.Mil 

Nov.    9 

9 

— 

.109 

— 

.OSS 

4- 

.088 

— 

.164 

2551 

Dec.    7 

9 

— 

.■-".17 

— 

.122 

4- 

.Hi;, 

— 

.101 

2578 

Jan.  26     10 

— 

.453 



.110 



.028 



2628 

Feb.  28     Hi 

— 

ii  i. 

— 

— 

.oio 

— 

.  1  ;>  1 

Apr.    7     in 

— 

.o;,:; 

+ 

.0--".' 

— 

043 

— 

.067 

2699 

June     1 

10 

+ 

.in; 

4- 

.121 

— 

.018 

4- 

.210 

2754 

July     8 

8 

— 

.01111 

4- 

.138 

4- 

.....i 

4- 

.  I  28 

July  28 

8 

— 

.088 

4- 

,121     • 

.010 

4- 

.107 

2806 

Aug.  Hi 

8 

4- 

.164 

4- 

.084     ! 

.084 

4- 

Oct.     I 

8 

■f 

— 

.our,    i 

.oil 

4- 

.866 

2876 

Or)..    28 

!l 

4- 

.119 

— 

l 

.088 

4- 

.094 

2908 

Dec.  i" 

:i 

4- 

.1  •_■;; 

— 

.122    + 

.018 

4- 

.01  1 

2946 

.Ian.    17 

8 



.■-'77 



.121 

.016 



.III 

298  I 

Feb.  '.'7 

8 



—0.059   -   0.039   — O.OOt 

Referring  all  the  values  of  /,  to  a  single  period,  a-  in  the 
previous  discussions,  an, I  taking  means  of  three,  we  find  the 
values  in  column  . I  below. 


Date 

.1 

/■ 

2  102  204 

—i," 

—0  \ 

—  .060 

—  .■ 

—   . 

2268 

—   .017, 

—  .002 

4-   .024 

2293 

4-    .0117 

4-    .01:; 

4-    . 

2329 

—  .om; 

4-    .001 

4-   .1 

4-   .135 

4-   .120 

4-    .1 

2390 

4-    .034 

4-   .022 

4-   .1 

2  138 

4-    .116 

4-   .098 

4    .1 

2  158 

4-    .271 

4-    . 

4-   .221 

2  185 

■f    .826 

4-    .301 

4-   .251 

2:,  10 

4-  .11;; 

4-    .oo7 

4-    .0 

- 

2:,:  12 

—  .027 

_  .0;;.-, 

—    .07,1 

—  .2:;;; 

—  .21.; 

—  .183 

2  7 

4-    .012 

—  .005 

—  . 

2 1O2  608 

-t-0.002 

—0.017 

— 0.i>i7 

- 

'I'ln-  regular  course  of  th.'  residuals  i-  here  indicated  in  the 
clearest   possible  manner,  and  their  periodic  character  will 
I,.-  still  nn, re  strikingly  apparent  in  a  chart  formed  from  them. 
To  show  dial  this  result  has  iii  11,,  way  been  bn    e 
by  the  particular  values  attributed  t<>  the  parallax  and  the 
aberration,  column  /•'  is  given,  computed  from  fr  =  0".10, 
and  a  =  20".  17s  ;  and  <'.  from  tt  =  0.00,  and  a  =  20". 11:,. 
In  B  and  C  there  is  not  a  single  break  in  the  arrangi 
each  by  themselves,  of  the  positive  and  negatrvi    - 
to  the  insignificant  extent  to  which  it  occurs  in  A. 

In  this  connection  I  desire  to  state  my  strong  im| 
that,  although  the  tendency  at  present  a 
is  to  supplanl   Strove's  constant  of  aberration  by  Ni 
ihr  l,,wcr  value  will  very  likely  prove  i"  l"    nearer  the  true 
one — and,  indeed,  will  be  near  the   resultant  value  deduced 
from  the  very  material   which   Nii;in  employed,   when  this 
latitude-variation  of    127  daye  1;'  we 

compare  the  values  obtained  from  the  three 

l'l  1  1  B8*8  ,,M,'i  \  al  ions, 

Gylden's 

Ntren's 
remembering  that  the  first  and  last    1  n  only 

two  v.  ions,  eacb,  while  the  middle 

nearly  seven  years,  ii  seems  probable  that  of  this 

latitude  variation  would  he  much  better  eliminab 

1,1  s'~  ^,-ries  than  t'r the  others.     In  fact,  f i  the  1 

of  the  residuals  which  I  lia\  e  found  from  Ni  1 
Polaris  from    1878  May  I 

one  can  he  without  actual  calculation,  that    if  th,  J 
included  in  his  equations  of  condition,  th.    solution  would 
have  given  a  smaller  nberration-oonstant. 
To  revert,  it  seems  to  me  thai  from  what 

We  Can  feel  assured    thai    tin'    anomalies    in    the  v, 

prime- vertical  observations  have  here  been  traced  to  t in-i r 

ime  origin.     It  remains  to  make  a  , iparison  with  1 

kowa  results  for  the  purpose  of  throwing  additional 
upon  the  direction  of  the  polar  motion. 


7" 
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The  Washington  and  Pulkowa  observations  have  the  inter- 
val from  1863  November  to  1867  April,  in  common.  From 
the  data  at  t  •<  •  1 1 1  places  during  this  period,  already  given,  we 
gel  in  Hi''  Bame  way  as  before,  (lie  following  values  of  .!</■. 


Date  oiis. 

Washington  2  102284  50 

2315  49 

2389  46 

2460  4  6 

2519  47 

2584  45 

Pulkowa              2448  30 

•2  489  27 

2564  24 

2655  24 

•2  7.". 7  32 

2402  800  26 


0 

—11.28 

—  .01 
4-  .1.". 
+  .22 
+    .11 

—  .17 

—  .18 
4-  .03 
+  .26 
+    .18 

—  .11 
—0.16 


0.23 

—  .12 

4-  .12 
+  .2:; 
+•  .15 

—  .06 

—  .12 
+   .08 

+  .22 
+    .18 

—  .18 
—(1.2:; 


Novi  let  T  lie  tin.'  time  when  the  <lircct ion  of  the  north 
pole  of  the  principal  axis  from  that  of  tin1  rotation-axis  is  in 
the  Greenwich  meridian,  9  the  daily  angular  motion,  ami  r 
its  radius  expressed  in  arc.  Then,  if  y0 be  the  mean  latitude 
of  b  place  whose  longitude  from  Greenwich  is/.,  the  observed 
latitude  at  any  other  time,  t,  will  be 

<f  =  <pB  —  r  cos[A  ±{t—T)  0]. 
the  upper  sign  obtaining  if  the  motion  is  from  west  to  east, 
the  lower  if  from  easl  to  west,  and  t — 7' being  expressed  in 
days.  On  the  first  hypothesis  we  find,  from  a  least-square 
solution  of  the  twelve  equations  furnished  by  the  above 
twelve  values  of  J<f,  giving  equal  weights,  ami  introducing 
the  values  of ).,  — 30°  for  Pulkowa  anil  +77°  for  Washington, 
»•  =  0.230,  T  =  2402338 


which,  substituted  in  the  above  equation,  give  the  colt i  0 

in  the  table.  If.  on  the  contrary,  we  attempt  to  make  the 
solution  with  the  lower  sign,  we  cannot  satisfy  the  observa- 
tions at  all.  the  residual  errors  being  fully  as  great  as  the 
original  values  of  !</■  Indeed,  without  resort  to  any  refine- 
ment oi  computation,  if  we  merely  chart  the  observed  quan- 
tities at  Pulkowa  and  Washington,  draw  fair  curves,  and 
compare  the  intervals  between  the  two  enrvea  at  the  prin- 
cipal points,  we  find  that  the  times  at  Washington  precede 
those  at  Pulkowa  by 

192  days   for  the  minimum. 

162  days  for  the  zero  point,  increasing, 

155  days  for  the  maximum, 

17")  days  for  the  zero  [joint,  decreasing. 

the  mean  being  171  days.  Now.  if  the  motion  is  from  east 
to  west,  any  given  phase  at  Washington  should  follow  that 
at  Pulkowa  by  128  days,  but  for  a  west  to  east  motion  it 
should  precede  by  the  -aim-  amount. 

We  thus  find  that  the  comparison  of  the  simultaneous  bi  - 
lies  at  Pulkowa  ami  Washington,  1863-1867,  leads  to  the 
same  conclusion  as  that  already  drawn  from  the  simulta- 
neous series  at  Berlin  and  Cambridge,  1884-1885.  The 
direction  of  the  polar  motion  may  therefore  be  looked  upon 
as  established  with  a  large  degree  of  probability. 

In  the  next  papier.  1  will  present  the  results  derived  from 
Peters,  Stbtjve,  Bradley,  and  various  other  series  of  obser- 
vations, after  which  the  results  of  all  will  be  brought  to 
bear  upon  the  determination  of  the  best  numerical  values  of 
the  constants  involved. 


ON  THE  VARIABLE    U  GASSIOPEAE  (Ch.243), 

By  S.  I).  TOWNL-EY. 
[Communicated  by  Prof.  Geokgk  C.  Comstock,  Director  of  the  Washburn  Observatory.] 


In  the  Companion  to  The  Observatory,  for  1891,  pre- 
dicted maxima  for  this  star  are  1891  March  7  and  1891 
November  22,  giving  a  period  of  260  days.  1  have  observed 
this  star  with  the  15-J-ineh  equatorial  of  the  Washburn 
Observatory,  and  find  results  quite  different  from  those 
o-iven  above.  My  first  series  of  observations,  13  iu  number, 
extends  from  1889  December  6,  to  1890  April  8,  and  gives 
a  maximum  of  8*.8  on  1889  December  21.  On  1890  March 
,'il  and  April  8,  the  variable  was  invisible,  but  could  not  be 
followed  on  its  return  to  visibility  on  account  of  proximity 
to  the  sun.  The  second  series,  of  30  observations,  extends 
from  1890  July  15  to  1891  April  4.  These  give  a  maximum 
.0  1890  September  27  and  a  minimum  of  something 
less  than  15M  for  1891  February  21.  On  1891  March  7,  the 
predicted  time  of  maximum  a'ccordiug  to  The  Observa- 
tory the  star  was  invisible  with  this  telescope.  The  star 
was  SO  days  below  the  14  magnitude.  The  third  series,  12 
observations,  extends  from  1891  September  12  to  the  pres- 

Madison,    Wisconsin,  1891  November  9. 


ent  time,  but  during  this  period  the  star  lias  passed  through 
neither  a  maximum  nor  a  minimum.  The  last  time  observed, 
November  8,  the  variable  was  invisible,  (in  November  5, 
with  good  seeing,  1  could  get  glimpses  of  the  variable  as  the 
merest  speck  of  light,  so  that  it  could  not  have  been  brighter 
than  14M.5.  and  was  probably  about  15M. 

The  star  will  return  to  visibility  in  this  telescope  about  1892 
January  10,  and  with  observations  for  two  months  after 
that,  a  fairlv  well  determined  minimum  ought  to  be  obtained. 
Instead  of  being  at  a  maximum  on  1891  November  22.  the 
star  will  be  at  about  a  minimum.  The  light-curve  from 
these  observations  gives  a  period  of  286  days,  which  is 
longer  by  26  days  than  that  given  by  The  Observatory. 
Chandler's  catalogue  gives  no  period.  One  noticeable 
feature  is  that  the  maximum  of  1890  September  29  is  0.8 
magnitude  brighter  than  the  maximum  of  1889  December  21. 
This  star  at  its  minimum  is  probably  fainter  than  the  16 
magnitude. 
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ADDITIONAL    NOTE   <>\    THE   ORBIT   OF    THE    DOUBLE    STAB    £186, 

liv   Proi     8.  '.1.  ISEN  WV. 

If  we  add  this  observation  b i 
residual  error  will  be  considerably 
be 

1888.59  d„  =  212.4 

0,  —  21  1.9  o-,  = 


In  collecting  the  observations  of  £186  (Astronomical 
Journal,  vol.  XI,  no.  6)  for  examination  of  tbe  orbit,  I  bave 
overlooked  tbe  observations  made  by  Messrs.  F.  1'-  la  iven- 
worth  and  Frank  iM i  i.i.i.u.  at  tin-  Leander  McCormick  Ob- 
servatory in  1886  (Publicationa  of  this  Observatory,  vol.  I. 
p.  4). 

The  mi': r  four  nights  is, 

1886.78         6  =  206°. 0         <r  =  0".  I  1 


6a— 0e  =  —2.f. 
in-trad  of  — 3.1 

St.  Petersburg,  1891  Oct.  16. 
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OBSERVED     MAXIMA     AM)     MINIMA 
SAGITTABIU8,  WITH   A    NOTE  ox 

I!  ^     PAUL     S 
i;:iOS.      A'   Sagittarii. 
The  season's  observations  of  this  star,  from  June  7  to 
Sent.  i'(i.  1891,  number  35;  the  indicated  times  of  apparent 
maxima  and  minima  are 


M  WIMA 

\v 

891  June 

7.3 

2 

22.6 

2 

July 

7.  1 
13.9 

1 
1 

27.5 

4 

Aug. 

10.3 
24.9 

3 

l 

30.2 

■j 

Sept. 

7.1 
21.8 

i 
l 

MlMM  V 

\v 

891  June  26.1 

1 

July    23.3 

2 

31.3 

1 

Amu.     13.0 

i 

22.0 

•> 

Sept.     1.5 

■> 

OF      SHORT-PERIOD      VARIABLES     IX 
THE   ELEMENTS  OF    F  SAGITTARII, 

.     TEND  ELL. 

6636.      U  & 
The  season's  observations   number  28,    from  J 

Sept.  20.      The  following  times  of   maxima  and   mini:, 
indicated  : 

/ '  Sagitta 

Minima  W 


6  I7l'.      II'  Sagittarii. 
From  L891  June  7  lo  Sept.  21,  I  obtained  39  observations 
of   W  Sagittarii,  from  which  bave  been  deduced  the  following 
times  of  apparent  maxima  and  minima  : 
Maxim 

1891  June 


Julj 

Aug. 
Sept. 


10.3 
25.5 

3.0 
1  1.5 
17.1 
26.8 

2 . 5 
LO.O 
24.8 

9.8 


Minima 

w 

1891  June  7.0 

1 

July    8.0 

1 

22.8 

2 

30.8 

2 

Aug.  6.3 

3 

18.0 

2 

Sept.  20.8 

3 

i '.  .">  7 ; ; .      Y  Sagittarii. 
I  bave  for  the  season,  38  observations  from  1891  June  7 
to   Sept.  21.      The    indicated   times   Of   maxima   and   minima 

are 

Maxima 
1891  July  5.2 


An, 


9.7 
16.8 
27.5 
.  3.0 

8.4 
18.4 
25.8 


Minim  i 

w 

891  July   13.8 

2 

25.0 

1 

3 

Aug 

8 

1 

M  1XIM  \ 

w 

1891  July   5.4 

2 

13.0 

1 

27.5 

3 

Aug.   2.2 

2 

7  •_> 

2 

Sept.  6.6 

•> 

ll.l 

1 

17.7 

2 

1891  June  25. 1 

1 

July 

2 

31.4 

1 

Aug.    18.3 

1 

20.4 

1 

Sept.  2.7 

22.1 

•-■ 

The  comparison  of  the  above  results  with   I 
published  by  Chandj  i  r  in  his 

appreciable    correction    to    the  ind   II*.     In 

those  of  U  als,.,  in  view  of  the  color  of  the  star  and  I 
sonal  differences  of  observers,  it   does   no)    seem  : 
that  any  real  discrepancy  exists,    [n 
tlio  persistence  and  gradual  increasi  of  tl 

since  the  middle  of    tile    slimmer    o(     Is--,    indicate    th 

small  a  value  has  been  assigned  t"  the  period. 


The  t  ted  by  Sawti 

1866,  and  published  by  him  in  this  Journal,  \ 
l'ici\  isional  elements  and  observed  times  of  maxima  and  min- 
ima were   published   by  him   on    p.  29    of    the  same    \. 
(  sakdi  ik  published  elements,  presumably  ol    a  mor< 
itive  character,  in  his  Catalogue  <>f  \  ai  ial 
pp.  88  -89  I .  in  which  the  star  ia  N 

I    have    kept    this    variable    iindei 
practicable  since  1888  June  IS:  the 

work.  thOBi 

lished  (A.J.,  Vols    B,    l  and  10). 

S      e  the  middle  of 
obtained  from  coinpni  ison  of  n  Cn  ind- 

i  i  it's  elements,  have  be<  u,  w  ith  onlj 
and  gradually  increasing,  until  the  mean   residual   f< 
present  b<  ason  is   '  i  .3. 

Takiug  my  own  times   of  maxima  and   tniniii  :  . 


Ill  K     A  ST  KO  N  0  M  I  (    A  I.     JO  1     l;  \  A  I. 


.V    249 


:i-  above  alluded  i".  in  this  Journal,  (Vol.  B,  p.  120,  Vol. 
9,  p.  138,  aud  Vol.  10,  p.  117).  together  with  those  <>f  this 
a,  above  enumerated,  and  Sawyer's  published  results 
for  1886  (Vol.  7,  p.  29),  we  have  :i  Beries,  continuous, 
except  in  iln-  year  1887,  of  fifty-five  maxima  and  thirty- 
seven  minima;  comparing  these  observed  times  with  Chand- 
elements  referred  to  above  (1886  Sept.  25.31  + 
5d.7690  /■.').  iinil  treating  the  residuals  derived  by  such  com- 
parison from  the  observed  maxima,  by  the  method  of  leasl 
squares,  we  obtain  the  following  corrections  to  the  elements. 

Dorchester,  Mass.,  1891  November  17. 


TotbeEpooh,    -^347     ±0d.O38      =—*'■  •_'<)"■   ±  i . 
To  the  Period,     ;  0  .0047   I  0d.00042  =  +  6'"ir    i 

Treating  in  a  similar  manner  tin-  residuals  derived  from  tin' 
observed  times  of  minimum,  we  have  corrections  as  follows*: 
To  the  Epoch,     —  0d.S76     ±0d.006       =  — 9b  2"  ±  ' 
To  the  Period,     +0d.0034  ±0d.0001    :  -  .6 

The  very  fair  correspondence  of  these  results  with  each 
oilier,  and  with  a  graphic  plot  of  the  yearly  mean  residuals, 
together  with  the  relatively  small  probable  errors  indicated, 
would  seem  u>  show  that  the  corrections  are  real. 


\i:W    ASTRONOMICAL    WOIiKS. 


Prize  I  HstribrUion  of.  the  Moon's  ll"it  and  its  Variation 

with  tin  Phase,  by  Frank  W.  Vicky,  of  the  Alleyhi  »;/  Olwrviitory, 
U.S.     Published  by  the  Utrecht  Society  of  Arts  ami  Sciences. 

IS'.U. 

This  investigation  was  made  with  a  Langley's  bolometer,  together 
wiiii  a  sensitive  galvanometer.  A  concave  mirror  of  silvered  glass 
was  made  to  throw  an  image  <>(  the  m about  :'•  can.  in  diameter, 

upon  a  white  card,  on  which  the  details  of   tin.'  lunar  surface  could 

be  easily  recognized.  A  circular  aperture  in  this  card  permitted 
the  sensitive  surf  ace  of  the  bolometer  to  be  exposed;  this  having 
an  area  of  about  19  nun"  which  corresponded  to  somewhat  more 
i! i  thirtieth  part  of  that  of  the  apparent  disc.      The  portion  of 

the  image  to  he  examined  was  thrown  upon  the-  Sensitive  surface  by 

adjustment  of  the  siderostat,  and  kept  there  by  the  clockwork. 

A  blackened  copper  screen,  containing  water  at  a  known  tempera- 
ture was  placed  in  the  path  of  the  reflected  light,  at  a  sufficient 
distance  Crom  the  mirror,  and  so  arranged  that  it  could  easily  be 
drawn  aside,  or  replaced.  i . v  the  observed  at  the  galvanometer. 

The  observations  consisted  in  readings  from  the  moon,  inter- 
mediate between  two  from  the  screen;  and  comparisons  were  also 
made  on  each  evening  between  the  radiation  from  the  screen  and 
that  from  the  sky.  .Mr.  Vbry  states  that  the  bolometer  and  galva- 
nometer employed  are  capable  of  giving  repeated  measures  for  a 
source  of  unchanging  radiation,  with  an  error  of  less  than  one  per 
cent,  of  the  measured  quantity. 

The  several  measurements  are  referred  to  the  zenith  by  means  of 
a  table,  given  in  the  memoir. 

In  this  way  numerous  measurements  of  the  lunar  heat  were  made 

for  various  portions  of  the  surface.     These  observations  are  given 

for  eight  nights  during  the  first  four  months  of  the  year  1889,  and 

the  results  are  so  tabulated  as  to  permit  general   inferences  at  a 

as  well  as  mapped  in  an  extended  series  of  charts. 

The  author  calls  attention  to  the  fact  that  while  previous  investi- 

is  have  dealt  with  the  total  lunar  radiation,  these  researches 

have  been  directed  to  the  study  of  that  from  numerous  small  por- 

tions  of  the  disc,  thus  affording  many  and  interesting  additional 

data. 


I. Hum-  Radiant  Beat,  measured  at  Birr  Castle  Observatory,  during 
ih*  total  eclipse  of  January  28,  isss.  By  Otto  Bobddickbr, 
Ph.D.  With  an  Introduction  by  the  Earl  of  Bosse.  From  the 
Transactions  of  the  Royal  Dublin  Society. 

This  investigation  stands  in  an  interesting  relation  to  the  very 
different  one  made  by  Mr.  Very.     For  some  twenty  or  more  years, 

Lord  ROSSE    had   endeavored   to  determine   the   radiant    heat,  of  the 

moon,  receiving  the  lunar  image,  from  his  great  reflector  upon  a 
smaller  concaved  mirror,  in  I  he  focus  of  which  was  placed  a  thermo- 
pile.    Repeated  experiments  were  made  in  this  way.  under  varied 

conditions,  hut  were  not  found  fully  satisfactory,  although  Some 
approximate  determinations  were  attained,  as  to  the  ratio  between 
lunar   and    solar   radiation.     The   most   important    deduction    was, 

that  the  moon's  heal    > tained  a  much  larger  proportion,  than  the 

sun's,  of  rays  of  low  rcfrangibility. 

In  1869  70  these  investigations  were  resumed,  under  Dr.  COPE- 
LAND,  using  the  same  apparatus,  newly  refitted.      The  results  were 

similar,  but  more  trustworthy,  and  included  the  fact  that  the  maxi- 
mum of  heat  radiated  from  the  moon  was  not  subsequent  to  the 
maximum  of  illumination. 

Attempts  were  made  in  ls7'J  and  in  1884  to  determine  the  variation 
of  thermal  radiation  from  the  moon  during  an  eclipse;  hut  the 
first  thoroughly  favorable  opportunity  offered  itself  in  January, 
1888.  The  eclipse  was  total,  aud  the  sky  unohseured.  The  ob- 
servations of  Dr.  BOBDDICKKE  are  here  given  in  detail,  together 
with  his  deduced  theoretical  curves  for  the  moon's  light  and  heat. 
He  considers  it  demonstrated  that  the  radiated  heat  began  to 
diminish  long  before  the  first  contact  with  the  penumbra.  The 
diminution,  which  seemed  to  be  indicated  much  earlier,  had  defi- 
nitely set  in  at  least,  three  minutes  before  this  contact,  —  which 
would  imply  the  existence  of  a  beat-absorbing  terrestrial  atmos- 
phere not  less  than  .'t00  kilometers  high. 

He  found  the  decrease  of  the  heat  to  be  more  rapid  than  that  of 
the  light  as  the  penumbra  advanced  upon  the  lunar  disc,  and  the 
heat-curve  to  intersect  the  light-curve  at  26m.7  before  totality;  that 
is  to  say.  the  heat  emitted  then  began  to  exceed  the  reflected  heat. 
The  probable  thermal  minimum  was  found  to  be  about  two  minutes 
previous  to  the  end  of  totality. 

Sundry  hypothetical  explanations  of  these  and  other  phenomena 
are  fully  discussed,  ami  attention  is  called  to  the  fact  that  the  vary- 
ing radiation  of  different  parts  of  the  lunar  surface  requires  syste- 
matic  observation.  This  requirement  has  already  been  fulfilled,  to 
a  considerable  extent,  by  Mr,  Vep.y's  investigation. 


CON  T  E X  T  S . 
Ox  mi;  Variation  of  Latitude,  by  Dr.  S.  C.  Chandler. 

(ABLE    U CaSSIOPEAE,    BY    Ml:.   S.  D.  TOWNLEY. 

Additional  Note  ox  the  Orbit  op  the  Double  Star  21SG,  by  Phot.  S.  Gi.asknapp. 

d    Maxima    and    Minima   op   Short-Period  Variables   in    Sagittarius,  WITH  a  Note  on  the  Elements  of   Y  Sa<;i ti ai:ii. 
by  Mi:.  Paul  S.  Yendell. 
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CAPTURE  OF  COMETS  BY  PLANETS, 


BY   II     A.   NEWTON. 


Iii  a  paper  published  in  1878  I  obtained  a  simple  expres- 
sion for  the  change  of  energy  of  a  sm:ill  body,  a  cornel  for 
example,  that  passes  near  enough  to  a  large  planet  to  have 
its  orbil  so  seriously  changed  that  all  the  minor  terms  in  the 
perturbations  may  be  disregarded.  The  great  interest  re- 
cently shown  in  this  particular  problem  of  perturbation  has 
led  me  to  lake  up  again  the  formula,  and  deduce  some 
results  that  logically  follow  from  it.     The  details  of  the 

iraic  work  are  given  in  a  paper  in  the  American  J 
of  Science  [8]  vol.XLII,  Sept.  and  Dec,  1891.  Some  of 
the  principal  results  are  given  below.  Mosl  of  the  computa- 
tions made  refer  to  the  case  of  comets  moving  originally  in 
parabolic  orbits  about  the  sun.  ami  passing  very  mar  to  the 
planet  Jupiter,  though  small  changes  will  make  the  reason- 
ings apply  equally  to  other  comet-  ami  planet-. 

1  .  The  different  ways  in  which  such  comets  can  approach 
Jupiter  may,  by  disregarding  the  plain'  of  Jupiter's  orbit 
about  the  sun.  he  treated  as  depending  on  three  independent 
variables.  Let  <i  lie  the  shortest  distance  between  the  orbit 
of  the  planet  ami  the  unperturbed  orbit  of  a  comet,  a>  the 
ancle  between  the  two  tangents  to  those  orbits  at  I 
tremiiies  of  d,  and  h  the  distance  Jupiter  ha-  yet  to  travel 
to  reach  one  end  of  dat  the  moment  when  the  comet  would 
if  unperturbed  he  at  the  other  end  of  -/.  'The  elements  of  a 
tic  orbit,  along  « ith   tie  of   JupiU  r's 

orbit,  furnish  easily  the  corresponding  values  of  ,/.  ,.,  ami  A. 

•J.  The  loss  of  energy  during  the  whole  transit  of  the 
comet  pasi  the  planet   i-  capable  of  expression  in  term-  of 

it.  h  anil  (.).       Hence  the  -emiaxi-    major   of   the  elliptic  Orbit 

after  large  perturbation  may  he  expressed  in  terms  of  the 
same  three  quantities.  In  other  words,  the  elements  of  the 
orbits  of  the  comet  ami  the  planet  before  perturbation  furnish 

the    means   of    computing    directly    an. I     simply    the     periodic 

time  of  tin'  comet  after  a  large  perturbation. 

•'i.     If  hi  is  the  ma—  of  the  planet,  r  it-  distance  from  the 
sun,  ami  if  .-.',  ,-l  ami  0  are  functions  of  i"  deflued  by  the  equa- 
tions 2      L'  co-,„,    .1   =   _    and  2«C0S  6 
then  the  equation 


a     .1    -./-  +  /,-  Bin'6 


l„<     .  1  eo-  0  +  h  sin-  9 

gives  a  the  semiaxis  major  of  the  elliptic  orbit  of  the 

about  the   sun   after  perturbation  :   if  o  is  negative  it   is  the 
half  of  the  transverse  axis  of  the  resulting  hyperbolic  orbit. 

4.  For  a  given  value  of  to  and  a  given  positive  vali 

the  two  quantities  il  ami  A  can  be  treated  a-  the  abscissa  and 
ordinate  of  an  ellipse.  For  values  of  </  ami  li  corresponding 
to  points  within  the  ellipse  .'  i-  smaller  than  for  values  of 
>'  ami  h  corresponding  to  point-  upon  or  outside  of  the 
ellipse.  A-  •'  varies  the  ellipses  constitute  a  faisceau  of 
similar  and  similarly  situated  ellipses  having  the  straight 
line  A  cos  ti  +  h  sin5  0  =  0  for  their  common  radica 
For  points  above  tin'  radical  axi-  the  final  orbit  is  an  ellipse, 
for  point-  below  it  is  an  hyperbola. 

5.  The  greatest  effect  of  perturbation  of  a  plamt  moving 
in  a  circular  orbit  in  shortening  C  time  of  a  comet 
moving  originally  in  a  parabola  is  obtained  if  the  i 
original  orbit  actually  inter-eets  the  planet's  orbit  at  an  angle 
of  I.",  .  and  if  the  comet  is  due  first  at  the  point  of  inter- 
Sectiou  at  the  in-lant  when  the  planet's  distance  then  from  is 
equal  to  the  planet's  distance  from  the  sun  multiplied  by  the 
ratio  of  the  ma--  of  tin'  planet  to  the  mas-  of  the  sun.  The 
relative  velocity  of  the  comet   on   leaving  the  p 

on.    would    hi'    equal    to    and   directly   Opposite    to   the 
planet'-  velocity,  and   the  . -oim  t   would  be  left  entilch 
to  fall  to  the  SUU. 

6.  In  order  to  facilitate  the  consideration  of  I 

planet  upon  comet-  a-  a  group  two  arbitrary  aSSUmptlOl  - 

been  made  relative  to  the  distributii  (dem- 

and the  distribution  of  the  dil  I 

If  about   the  sun 

,1.  sci  ibed  with    an    arbitrary  lad 

that  near  >  space  is  idled  equably  with  CO 
It  is  furthei  assumed  that  tin 

in  each  cubic  unit  of  -pace  near  S  are  at  random; 

that    is.    that    the   quit-   an  ■ 

motion-  nlative  to  the  sun  aie  di-tiibu' 

over  the  surface  of  the  celestial  sp 


u 
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So  far  as  these  assumptions  are  not  true  in  nature,  so  far 
modifications  of  conclusions  resting  upon  them  will  need  to 
lie  made. 

7.  ]<  follows  from  the  assumptions  of  (6)  thai  if  comets 
be  grouped  according  in  their1  perihelion  distances  the  num- 
ber  Of   i els  whose    perihelion    distances    ale  less    than  7  [a 

proportional  to  7. 

8.  If  the  two  assumptions  are  true  for  a  spherical  sur- 
face 's.  1 1 1 1  ■  \  will  he  true  for  every  smaller  concentric  surface. 

9.  It  also  follows  that  if /•  is  tin-  planet's  distance  from 
the  sun.  and  r'  is  small  relative  to  r,  the  number  of  comets 
which,  in  a  given  period  of  time  come  nearer  to  the  snn  than 
r  is  to  the  number  that  (uupertnrbed)  conic  nearer  to  the 

planet    than  c'as  (',/•    is    to  ',,■'''.      The    factor  \  expresses    the 

increase  of  numbers  caused  by  the  planet's  motion  in  its  cir- 
cular orbit. 

10.  The  number  of  comets  which  in  a  given  period  of  time 

pass  their  perihelia  nearer  to  I  lie  snn  than  a  given  planet,  is  to 
the  number  of  comets  whose  periodic  times  are  reduced  by 
the  perturbing  action  of  the  planet  so  as  10  he  less  severally 
than  one-half,  once,  three-halves,  and  twice,  the  periodic 
time  of  the  planet,  as  unity  is  to  the  square  of  the  mass  of 
the  planet  multiplied  severally  by  0.139,0.925,  1.876  and 
2.948. 

1 1 .  With  the  same  assumptions,  and  regarding  the  planet 
as  without  dimension  so  as  to  intercept  any  comets,  if  in  a 
given  period  of  time  a  thousand  million  comets  come  iu 
parabolic  orbits  nearer  to  the  sun  than  Jupiter,  126  of  them 
will  have  their  orbits  changed  into  ellipses  with  periodic 
times  less  than  one-half  that,  of  Jupiter;  839  of  them  will 
have  their  orbits  changed  into  ellipses  with  periodic  times 
less  than  that  of  Jupiter  :  1  7<U  of  them  will  have  their  orbits 
changed  into  ellipses  with  periodic  times  less  than  once  and 
a  half-times  that  of  Jupiter  j  and  2670  of  them  will  have 
their  orbits  changed  into  ellipses  with  periodic  times  less 
than  twice  that  of  Jupiter. 

12.  Of  the  839  comets  whose  periodic  times  after  pertur- 
bation are  less  than  Jupiter's  period,  203  will  after  pertur- 
bation have  retrograde  motions,  and  636  will  have  direct 
motions.  Also  267  of  them  will  have  quits  less  than  15 
from  Jupiter's  quit,  while  38  of  them  will  have  quits  less 
than  45°  from  Jupiter's  goal.  Also  257  of  them  will  move 
in  orbits  whose  planes  are  inclined  less  than  30°  to  Jupiter's 
orbit,  while  51  will  move  in  orbits  inclined  more  than  150" 
to  Jupiter's  orbit. 

Kb  Each  comet  has  been  thus  far  considered  as  ap- 
proaching Jupiter  while  moving  in  a  parabolic  orbit  about 
the  sun.  If  the  comet  however  is  moving  in  any  other  orbit, 
and  it  passes  near  to  the  plan.it.  the  result  of  the  planet's 
perturbing  action  will  iu  general  be  quite  similar  to  the 
result  when  the  orbit  is  parabolic,  the  other  circumstances 
of  the  approach  being  assumed  to  be  alike  in  the  two  cases. 

The  above  conclusions  refer  moreover  to  perturbations 
during  one  transit  of  the  comet  past  the  planet.     But  the 


comet,  unless  ll il,it   is  further  changed  by  another  planet, 

musl   return   at   each   revolution  to  the  place  where  it  en- 
countered Jupiter.     Ai  some  time  Jupiter  will  be  nigh  that 

place  nearly  at    the    same  time  as    Ihe   comet,  and    the  comet 
will    sutler   a    new.    and    perhaps    a    large    perturbation.        Its 

period  "ill  again  In-  changed,  being  shortened  or  lengthened 

according  as  the   comet    passes    before  01'    behind  the  planet 
This   process  will    li,'   repeated   again   ami   again,  since   after 
any  number  of  encounters  the  new  orbit  of  the  cornel  will 

still  pass  near  to  the  orbit  of  the  planet. 

This  repeated  action  makes  it   possible,  and  even  usnal, 

to  1 1:1  \  e  an  orbit   shortened  in  period  by  several  passages  near 
to  JupiU  r  in-lead  of  its  being  done  at  one  passage.      A   much 

proportion  of  comets  than  839  out  of  1,000,00 

must  therefore  have  their  periodic  times  reduced  below  the 

|in  ii  id   of  Jupiter. 

If  the  comet's  orbit  is  largely  inclined  to  the  ecliptic,  and 
hence  its  motion  makes  a  large  angle  with  that  of  Jupiter, 
there  is  nearly  an  even  chance  that  Ihe  velocity  will  be  in- 
Creased  or  diminished.  A  considerable  fractional  part  of  the 
whole  number  of  such  comets  will  at  each  passage  be  thrown 
out  of  the  solar  system  altogether,  or  thrown  into  such  long 
orbits  that  they  will  return  only  at  very  great  intervals  of 
time.  This  class  of  comets  cannot  be  therefore  regarded  as 
permanent  members  of  the  family  of  short  period  counts, 
except  such  of  them  as  happen  to  come  so  near  to  other 
planets  as  to  have  their  orbits  changed  in  such  wise  that 
they  do  not  have  thereafter  the  near  approach  to  Jupiter's 
orbit.  But  when  an  orbit  is  greatly  inclined  to  the  plane  of 
the  solar  system  the  comet  passes  through  the  plane  in  geu- 
eral  at  a  considerable  angle,  ami  the  chance  of  coming  close 
to  another  planet  is  relatively  small. 

On  the  other  hand,  all  the  comets  which  after  perturbation 
are  moving  in  orbits  somewhat,  but  not  greatly  inclined  to 
the  ecliptic,  are  liable  to  meet,  (iu  fact,  are  sooner  or  later 
almost  certain  to  meet)  other  planets  in  such  a  way  as  to 
suffer  perturbations  that  will  prevent  future  close  encounters 
with  Jupiter.  After  such  changes  those  comets  must  be  re- 
garded as  tolerably  permanent  members  of  the  solar  system. 

Comets  that  have  motions  not  greatly  inclined  to  Jupiter's 
motion  are  more  likely  in  subsequent  passages  near  to  Jupiter 
to  have  their  periodic  times  shortened  than  lengthened.  On 
the  contrary,  those  passing  in  nearly  opposite  direction  to 
Jupiter's  motion  will  be  quite  sure  to  have  their  periods 
lengthened  rather  than  shortened. 

All  these  causes  combine  and  work  together  to  the  one 
end  that  those  comets  which  are  changed  by  the  perturbing 
action  of  Jupiter,  or  other  planets,  from  parabolic  orbits  of 
every  possible  inclination  to  the  ecliptic  into  short  period 
ellipses,  and  become  permanent  members  of  the  solai 
tern,  will  as  a  rule  (but  with  exceptions)  move  iu  orbits  of 
moderate  inclination  to  the  ecliptic,  and  with  direct  motions. 

We  know  as  a  fact,  that  most  short  period  comets  do 
move  in  orbits  having  small  inclinations  and  direct  motions. 
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wliilfi  loDg  period  and  parabolic  comets  move  at  all  possible 
inclinations  to  the  ecliptic.  It'  tbe  sborl  period  comets  have 
been  changed  by  Jupiter  and  other  planets  from  i >:i i  :t l >< »l io 


orbits,  tbe  preceding  investigation  shows  why  their  orbits 
have  now  small  inclinations  t'>  the  ecliptic,  and  tin.- 
themseh  es  have  direct  motions. 
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Bi  fore  |  .i-i  x-.m.  1  iiiir  I"  discuss  the  older  olist  r\  at  ion-,  which 
it  was  intimated  in  no.  2 19  would  follow  in  this  number,  it  is 
desirable  to  pursue  the  topic  of  p.  70  a  little  further.  I 
therefore  select  from  the>  arious  investigations  <>n  hand,  and 
which  will  appear  in  du<  course,  two  which  pertain  to  the 
same  period,  1863-1867,  covered  by  tbe  Pulkowa  and  Wash- 
ington series,  —  namely  Melbourne  and  Leyden.  These  will 
offer  an  entirely  independenl  verification  of  the  deductions 
drawn.  The  Melbourne  discussion  extends  from  1868  to 
1884,  mill  is  to  be  given  in  full  in  it--  proper  order  in  these 
articles.  I  can  therefore  Bpare  bul  a  few  lines  here  in  de- 
scription of  tbe  method  adopted  in  its  treatment.  It  is 
based  on  86  southern  ciroumpolar  stars  observed  with  the 
transit-circle.     For  each  of  these  stars  the  mean  values  of 

il bserved  polai  distances  were  computed  for  each  mouth 

during  the  twenty-one  years,  and  reduced  in  the  epoch 
|s7ii.ii  by  means  of  Dr.  Gould's  proper  motions  and  pre- 
cession-coefficients i  i '.,,(/.;'..<  '•  ,  Vol.V,  Introd. 
pp  \wii  exxxix).  The  results  for  both  culminations  were 
then  combined  so  as  to  eliminate  tbe  error  of  the  latitude 
assumed  in  the  reduction  <>r  the  observations,  and  a 
<ii  residuals  obtained  representing  the  deviation 
the  observed  latitudes  for  each  month  from  the  mean  value 
given  by  the  whole  series  of  twenty-one  years.    Thai  portion 


of  tbe  series  for  the  interval  1863-1867  June  was  then  treated 
exactly  like  the  Pulkowa  and  Washington  series  on  i>.  7n. 
giving  tlit>  column  '>,  on  p.  76. 

For  Leyden,  1  employed  the  meridian  altitndi  - 
on    pp.  227-281,  Vol.  II,  Taking    monthly 

means,  reducing  to  1866.0,  applying  the  appropriate  cor- 
i  for  division-errors  and  flexure,  in  the  different  po- 
sitions of  the  instrument,  for  both  culminations,  and  for  each 
circle,  and  reducing  the  reflected  observations  to  the  center  of 
the  instrument,  we  get  the  following  observed  latitudes,  and 
the  deviations,  O— C,  from  an  assumed  value  5 
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w 
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- 
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Pate 

.  ,-ii  $ 

<< 

1 

Wt 

1865  Oct. 

:>1   9   19.94 

1    "1 

24 

.\  ■  >  \  . 

20.07 

+ 

.17 

24 

Dec. 

20.22 

+ 

.82 

4 

1866  Mar. 

20.01 

+ 

.14 

26 

Apr. 

19.70 

— 

.20 

4 

May 

19.86 

— 

.(i| 

10 

.lllll.' 

19.93 

+ 

.03 

26 

Oct. 

19.91 

+ 

.01 

38 

Nov. 

19.71 

— 

.lit 

2 

1867  Apr. 

20.U 

+ 

.24 

8 

Sept. 

20.10 

+ 

.20 

12 

Oct> 

19.78 

— 

.12 

40 

Nm  . 

19.87 

— 

.03 

10 

Dec. 

L9.43 

— 

.47 

8 

1868  Mar. 

i'(i.  01 

+ 

.11 

20 

Apr. 

20.1  1 

+ 

.24 

21 

May 

20.00 

+ 

.Ki 

120 

June 

51   9  20.04 

+c 

.1  1 

4 

Assembling  the  above  residuals  in  the  same  way  as  for 
previous  series,  we  have  the  column  O  for  Leydeu,  below. 


Melbourne 

2402630 

66 

+  0.07 

+  0.04 

2  693 

51 

+   .23 

+    .21 

2  751 

47 

+    .33 

+    .21 

2828 

125 

■t    .0:1 

+   .01 

2880 

118 

+   .16 

—   .15 

2  940 

83 

+   .04 

—  .23 

2  402  992 

101 

—0.04 

—0.16 

Leydeu 

2402  407 

50 

—0.10 

—0.13 

2451 

108 

+   .03 

.00 

2  502 

90 

+    .06 

+    .16 

2  556 

78 

+    .09 

+    .23 

2  604 

190 

+   .09 

+    .18 

2676 

50 

+   .05 

—   .04 

2  74  7 

82 

—  .06 

—  .21 

2402786 

166 

—0.13 

—0.22 

If  now  the  assumed  law  of  variation  of  latitude,  and  the 
constants  determined  from  the  Washington-Fulkowa  series, 
are  real,  they  should  represent  the  above  observed  values, 
O,  for  Melbourne  and  Leyden,  at  least  substantially.  Ac- 
cordingly, taking  as  before,  r  —  0".23,  T=  2  402  338, 
0  =  O°.843,  and  /.,  —  4°. 5  for  Leyden,  and  — 145°. 0  for 
Melbourne,  in  the  equation  cr  —  c-,,  =  — r  cos[?.+  (t — T)$'], 
we  get  the  computed  values  in  column  C  above.  It  will  be 
seen  that  the  formula  assigns  the  times  of  maximum  and 
minimum  latitudes  with  a  fidelity  which  it  would  be  un- 
reasonable to  regard  as  fortuitous.  The  range,  dependent 
on  tlie  value  of  r  used,  does  not  so  well  accord  with  the  ob- 
served values,  especially  for  Leyden.     It  should  be  noted, 


however,  that  thi>  observed  range  i-  much  greater  in  the 
table  of  the  monthly  mean  latitudes  for  Leyden,  previously 
given.  This  circumstance  iB  one  among  many  which  lead  dm 
to  believe,  as  I  have  already  intimated  (ill  p.  65,  that  the 
polai  rotation  is  not  perfectly  regular  from  period  to  period. 
The  fuller  discussion  of  this  mattei  is  necessarily  deferred 
until  1  have  presented  all  the  investigations,  from  the  time 
of   Bradi.ex  up,  when  it  will  be  undertaken  in  connection 

with  the  secular  changes  in  the  rotation-period,  which  these 
yel  unprinted  investigations  seem  to  establish  beyond  ques- 
tion- 
Meanwhile  1  desire  to  remark  that  the  admirable  Way  in 
which  the  hypothesis  embodied  in  the  above  formula,  with 
its  vci  imperfectly  determined  constants,  reconciles  the  ob- 
served discordances  of  latitude  at  points  of  the  earth's  sur- 
face separated  by  220°  longitude  and  97c  latitude,  demon- 
strates that  tin-  phenomena  are  neither  instrumental,  local, 
nor  regional,  but  are  terrestrial. 

Before  leaving  the  Leyden  series,  it  is  interesting  to  point 
out  how  completely  this  hypothesis  accounts  for  the  contra- 
dictory results  obtained  by  Dr.  Van  11 BNK1  K 1  1  1  1;  in  the 
attempt  to  trace  the  influence  of  temperature  in  the  latitude 
of  the  Levden  circle.     He  found  |  Leyden  Annals,  II,  p.  116), 


Spring  of  L865  and  1866, 
Autumn  of  1 86  5, 


<p  =  52°  9'  r.r.77 
20  .00 


On  the  Other  hand,  he  found  that  the  above  spring  value 
agreed  with  the  autumn  value  of  1867,  and  the  above  autumn 
value  agreed  with  that  in  the  spring  of  1868.  Hence  the 
evidence  as  to  temperature  was  contradictory. 

The  above  formula  gives  for  these  various  epochs, 


Spring  of    1865 

Spring  of  1866 
Autumn  of  1865 
Autumn  of  1*07 
Spring  of    1868 


19.67) 
19.77}  mean 


52  9  19.72 

20.10 
19.75 
20.11 


thus  a  complete  correspondence  with  the  observed  results. 
It  should  be  borne  in  mind,  too,  that  the  constants  from 
which  these  values  are  computed  (except  the  mean  value 
cr0=  52°  9'  19". 90)  were  derived,  not  from  the  Leyden  ob- 
servations, but  from  those  at  Washington  and  Pulkowa. 

I  now  proceed  to  set  forth,  as  nearly  as  convenient  in 
chronological  order,  the  researches  pertaining  to  the  more 
important  series  of  observations  in  modern  astronomy  suit- 
able for  our  present  purpose.  First,  ate  the  observations  of 
Bradley;  at  Kew  (1726-27)  with  Moltkedx's  zenith-tube; 
at  Wanstead  (1727-17)  with  the  new  zenith-sector;  at 
Greenwich  (1750-54)  with  the  same  instrument;  and  finally 
at  Greenwich  (1750-62)  with  Bir.n's  so-called  new  mural 
quadrant.  Of  these  the  series  at  Wanstead  is  by  far  the 
most  important  for  our  present  aim.  Bradley's  original 
papers  pertaining  to  these  observations  were  discovered 
by  Prof.  Riga dd,  and   published  in  1832,  and  their  reduc- 
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tion  by  Busch  appeared  in  18.">8.  I  have  reduced  them 
anew,  retaining  Bessel's  precession- istant,  but  employ- 
ing Petebs's  nutation  and  Stri  ve's  aberration-constant,  and 
Boss's  and  Auwers's  proper  motions.  The  correction  of 
Bosch's  reduction-tables,  which  were  based  on  Lindbhao's 
nutation  and  Delambre's  aberration,  baa  been  effected  by 
the  use  of  the  factors  +0.00938  for  the  aberration,  I  0.027  I 
for  the  lunar  nutation,  and — 0.0024  fortbe  solar  nutation. 
The  24 -term  has  been  included,  bnl  Dot  the  terms  depend- 
ing on  the  solar  and  lunar  perigees.  In  the  definitive  dis- 
cussion I  shall  of use  use  all  of  the  28  stars  observed  by 

Bradley,  but  for  this  preliminary  paper  I  use  only  10  stars. 
selecting  all  within  a  degree  of  the  zenith  (except  9  Aurigae, 
observed  only  "_'l  times),  ami.  for  the  purp  ises  of  control  in 
regard  to  certain  questions  thai  will  arise,  2  stars  north  and 
2  south,  from  3°  to  5°  distant  from  the  zenith.  The  distri- 
liuti »f  these  -tars  and  observations  is  shown  in  the  fol- 
lowing table  : 


Star 


Obs 


a  Cassiopeat .  lol 

t  Perset,  51 

I  Persei,  51 

i<  Per8i  i .  64 

-  Gamelqpardalis,  40 

£  I  'rsiir  Mil  juris.  1  25 

tj  Ursar  Major  is,  149 

,■;  Draconis,  240 

i  ll<- mil  is,  63 

j  Draconis,  290 


a  1780 

h       in 

0  24 
2  35 
2  15 
8  5 
5  13 
13  18 
13  .".7 
17  24 
17  32 
17  50 


—8  34 

— 0     9 

0    i, 

+  2  36 

—0     3 

—  I   52 
0    18 

—  1      2 
I  5    19 

—o     3 


34  55 
38  20 

37  38 
41     6 

38  27 
33  37 

39  18 
37  27 
43  48 


23.1  1 

28.48 

6.12 

1(1.72 
12.65 

8.66 
31.90 
29.60 
21.98 


This  preliminary  inquiry  therefore  comprises  more  than 
half  of  Bradley's  observations.  In  the  last  column,  C,  is 
the  mean  value  of  the  instrumental  polar  distance,  assumed 
as  hereafter  explained.  In  the  following  table  are  given  the 
values  of  0-  C,  presenting  the  deviations  from  these  values 
of  r,  of  tin' observations  taken  in  groups  indicated  bj  the 
first  two  columns,  after  their  reduction  to  1730.0  as  above 
described. 


a  Oassiopeae. 


2  7 

Sep! 

17 

6 
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7 

.'> 

+    .55 
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27 

5 
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Dec. 
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5 

—   .12 
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1 
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+   .51 
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25 

1 
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1 

5 

—  .29 

Aug. 

8 

i 

+   .64 
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2S 

■1 
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8 

l 

—  .26 

Dec. 

9 

6 

+    .17 

Dec. 

2  1 

5 

—  .88 

89 

Feb. 

2N 

8 

—  .(il 

Apr. 

.r) 

3 

f  (i.77 

29    dune   16 
June  24 

Dec.  I  i 
80   June  28 

Dec.  29 
82  Apr.  28 
88   Jan.  21 

34     dune   2  1 
85    dan.       1 

39   Jan 
10   June  18 
17    Mar.  i" 


+0. 

—  I 
— 0, 

+ 
+ 

— 0 

+  1 

+  0 


2  7 

Oct. 

4 

•; 

0.20 

29 

N'.\ 

26 

8 

+  0.20 

D 

1  1 

1 

—  1.10 

28 

Jan. 

13 

4 

+  1 .09 

11 

1 

Feb. 

11 

1 

+0.82 

81 

Jan. 

—   .10 

Amu 

19 

5 

+    .50 

82 

Jan. 

L5 

:; 

—  .04 

Nov 

13 

3 

—  .68 

38 

1 

1 

Dec. 

10 

4 

—  .62 

89 

.Ian. 

1 

1 

29 

Jan. 

21 

5 

—0.59 

40 

1 

2 

1 

+  1.75 

Persei 


27 

Oct. 

26 

2 

+  0.32 

29    Aug 

10 

■  i 

—0.29 

28 

dan. 

15 

5 

+    .29 

D 

12 

—  .11 

Feb. 

17 

5 

+   .73 

30   Feb. 

11 

1 

Aug 

7 

1 

+   .34 

31     dan. 

16 

3 

—   .-•■■I 

Nov 

21 

5 

—  .28 

32   Jan. 

12 

•j 

Dee. 

22 

5 

—   .73 

39    dan. 

1 

I 

+    .K 

29 

Jan. 
Mar 

18 
8 

3 
2 

—  .28 
+0.24 

1 

2 

27  Nov.  12 

28  Jan.     9 

Feb.  20 
Apr.  26 
July  16 
Aug.  Id 

Nov.  21 
Dee.    22 

29  Feb.    13 
Jnlv     8 


27  Oct.  17 
Dee.  19 

28  dan.  31 
Feb.  1  1 

Mar.  7 

(let.  I 

29  Feb.  21 


27  Oct.  2:; 
Nov.  19 

Dee.    26 

28  Feb.  12 
Apr.  20 
dune  7 
July  9 
Aug.  26 
Oct.    19 

29  Jan.    6 

Feb.       .". 

Apr.  19 
June  6 
Jnlj     7 

.luh   28 

(let.     2  1 

30  \iiLr.  6 
Sep!  18 


+0.13 
+  .89 
+    .50 

—0.16 
—1.05 
—0.82 
—  .78 
+  .18 
+0.08 


o.lt 
.12 

-  .17 

-  .32 

-  .21 

0   l.s 


29 

10 

■"> 

—0.58 

D 

14 

1 

—   .42 

30 

11 

1 

+    .21 

July 

1 

:;i 

Jan. 

16 

8 

+    .76 

32 

dan. 

11 

2 

::i 

July 

7 

2 

—  .:;:• 

dan. 

1 

2 

- 

40 

Feb. 

1 

2 

+  1.44 

29 

(let. 

7 

5 

D<    . 

21 

1 

80 

Mar 

14 

1 

31 

Feb. 

it; 

1 

—  O.OS 

89 

1  , 

i 

5 

—  .52 

40 

dan. 

31 

1 

17 

M 

10 

1 

\fajoris. 


I 


0.08 

.it; 

.IK 

.24 

.11 


31 


32 


+  0.42 
+  1.58 

—  .55 

+    .31 

—  .13 
+    .27 

—  0.03 

—  1.17 
*  1  70 


dan.    11 

Sept.  10 
( let .      2 

Jan.  is 

S 
34    Julv      1 

\ 

-  1.24 
s    |)t.21 

37    duly    10 
S 

89    May     I 
40  June  I  l 

-  pt.24 

12         "Si     Pl.     17 

II    Oct.     l 
i:    S  pt.  18 


—  I.. V.I 

- 

—  2.17 

+  1.91 


lot.     1"  7 

Nov.  19  6 

28   Jan.  2] 

Apr.  26  6 

June  22  6 

July    18  5 

Aug.  27  5 

Oct.    ll  5 

Dei      5  6 

19    Feb.     8  5 

Apr.  28 

.1  une  i  l  5 

July     9 

Sept.    8  8 

Oct.   25  "4 

:in    Aug.  19  7 

:;i    Jan.   U  2 

Aug. 23  1 

Sept.  30  6 
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f{     t'rstir    Mil  joiis. 


.  Sep! 
Sept. 
Oct. 

Dec-. 

28  Feb. 
Mar. 
May 
July 
July 
Aug. 
Aug. 
Sept. 
Oct. 
Dei  . 

29  Feb. 
Mar. 
Apr. 
June 

Aug. 
Aug. 
Sept. 
Sept. 
No  \ . 

30  Mar. 
June 
Sept. 
Sept. 

81    Jan. 


28  Mar.  25  5 

May   10  4 

June  -I  5 

July  23  5 

Aug.  14  5 

Auo-.  27  6 

29  Mar.    24  7 


27  Sept.  7  in 
Oct.  1  7 
Oct.    26       4 


+  .42 

—  .22 

—  .98 

—  .16 

—  .27 

+    .74 

—  .49 

—  .20 

—  .79 

—  .70 

—  .21 
+   .15 

—  .05 
+  0.69 
+  1.01 
—1.15 
+  0.57 


32 


Jan.   18 

Apr.  26 

Jane  25 

July   22 

Aug.  10 

So    Sept.  20 

36   Sept.  21 

87    July   11 

Sept.  17 

July   11 

Oct.      I 

May      4 

Sept.  i  I 

June  II 

Sept.  27 

15    Sept .  1  6 

46    Oct.      1 

4  7   Sept.  18 


34 


38 


19 


hi 


;  Draconis. 


+  0.31 
+  .89 
+  ..i3 
+  .54 
+   .51 

—  .63 

—  .25 

—  .83 

—  .44 
+  .35 
+   .18 

—  .10 
+  .29 
+    .06 

—  .74 
—0.97 
—1.34 
+  0.41 
+  .30 
+  .04 
+  .53 
+  .47 
+   .39 

—  .96 

—  .63 
+  .91 
+  .18 
—0.14 


81    Aug.  28 

Sept.  21 
Oct.  5 
Dec.  29 

32  Sept.  15 

33  Feb.     2 
Sept.    7 

34  July   13 
Aug.  15 

35  Jan.      1 
Sept.  22 

36  Sepl .  1 7 

37  Jan.    22 
Sept.  16 

38  Aug.  19 

39  Feb.     4 
Sept.    6 

40  Jan.    31 
Aug.  30 

Sept.  17 

4  1  Feb.    6 

Sept.  1  1 

12  Sept.  16 

18  Sept.  14 

45  Sept.  11 

46  Sept.  29 
4  7  Sep*.  12 


i  Herculis. 


+  1.14 
+  0.36 
+  .34 
—0.21 
—1.01 
—0.77 
—0.88 


29  July  14 
Aug.  15 
Au»'.  30 

30  Mar.  26 
June  18 
Sept.     1 


y  Draconis. 

+  0.23  27  Dec.    10 

+    .28  28  Jau.   13 

+  0.68  Feb.   14 


—0.67 

+  1.01 

+  0.84 
+  .01 
+  .07 
+  0.73 

—  1.10 
—0.85 
+  0.27 

2.18 
—0.30 
—1.74 
+  1.67 
+  0.65 
+    .58 

—  .35 
+  0.19 
+  1.03 


+  0.96 
+  1.07 
+  1.61 
+  0.04 
+  1.61 
+  0.11 
—  .21 


+ 


.63 
.16 
.83 
.74 
.05 
.70 
.60 
.74 
.37 


+ 


25 
-  .57 
+  0.47 
+  1.36 
+  0.29 
+  .85 
+  .82 
+  0.98 
+  2.40 
+  0.16 
+  2.80 


—0.35 

—  .06 
+    .88 

—  .67 
+  .50 
+  0.72 


+  0.45 
+  .44 
+  0.11 


28 


30 


31 


32 


Apr.  1 
June  5 
July  13 
Aug.  28 
Sept.  9 
Sept.  26 
Nov.  12 
Dec 
Feb 
Mar 
Apr.  5 
June  1 7 
July  10 
Aug.  16 
Sept.  6 
Si  pi 
Nov. 
Dec. 

Mar.   26 

June  1  7 

Sepl.     2 

Sept.  22 
Dec.  30 
Feb.  16 
Aug.  30 
Sept.  25 
Oct.  6 
Jan.  10 


28 

16 
11 


22 
18 


;  Draconis.  — 

—0*72 

—  .49 

—  .45 

•  .88 
■i     .-.'7 

i    .23 

+  .44 

+  .18 

—  .28 

—  .91 

—  .69 
.00 
.  •-'  2 

+    .20 

—  .06 
+  .27 
+  .28 
+  0.15 

—  1.26 
—0.63 
+  .26 
+    .31 

—  .04 
I     .06 

+  0.56 
+  0.69 
+  1.14 
+  0.19 


( . 

nl.) 

32 

Sept. 

15 

5 

+  0.29 

88 

Feb. 

l 

•_' 

—  .17 

Sepl 

7 

3 

+    .16 

34 

.1  line 

13 

5 

—   .27 

Aug: 

16 

5 

—  .04 

35 

Jan. 

I 

I 

+    .21 

Sept. 

22 

:; 

+    .83 

36 

Sept 

6 

8 

—  .29 

87 

Jan. 

20 

8 

—  .61 

Sept. 

18 

6 

—  .15 

Dec. 

28 

1 

—0.15 

38 

Aug. 

7 

;; 

—  1.94 

Sept 

24 

6 

—  1.14 

89 

Jan. 

Sepl 

21 
1 

1 
5 

—0.29 
—  .02 

Sepl 

10 

5 

+    .05 

40 

Feb. 

3 

2 

+   .17 

Aug. 

.",1 

6 

—  .09 

Sepl 

16 

6 

+   .65 

41 

Feb. 

6 

1 

—    .(IS 

Sept 

9 

5 

+    .98 

Sepl 

25 

5 

+  0.97 

12 

Sept. 

16 

1 

—1.40 

18 

Sepl 

13 

1 

+  0.18 

15 

Sept 

11 

3 

+  1.19 

4  6 

Sept 

28 

2 

+  0.34 

17 

Sept. 

12 

3 

+  0.09 

Assuming  the  exactness  of  the  constants  of  reduction,  the 
above  residuals  involve  :  (a),  the  correction  to  the  assumed 
instrumental  polar  distance;  (6),  the  correction  for  refrac- 
tion; (c),  the  correction  for  any  unknown  instrumental 
changes,  either  of  the  relation  of  the  graduated  are  to  the 
telescope,  or  to  differential  flexure  of  the  lube,  as  affected 
by  the  variations  of  the  star's  meridian-altitude,  —  or  of  the 
direction  of  the  collimation-axis  with  regard  to  the  plumb- 
line  ;  and  finally  (<'),  any  shifting  <>f  the  instrumental  zenith, 
as  indicated  by  the  plumb-line,  and  any.stellar  parallax. 

As  to  (b),  the  average  zenith-distance  of  the  six  stars  in 
the  zenithal  group  is  only  0°  30'  so  that  the  change  of  re- 
fraction corresponding  to  a  range  of  temperature  from  20° 
to  80°  Fahrenheit  is  but  ±0".05,  and  even  this  unimportant 
quantity  is  partly  eliminated  by  the  distribution  of  the  stars 
uorth  and  south  of  the  zenith.  For  stars  3°  from  the 
zenith,  the  corresponding  range  of  refraction  is  ±0".30,  lint 
is  almost  entirely  eliminated  for  the  same  reason.  While  in 
the  Bual  discussion  I  shall  apply  hypothetical  refractions 
from  assumed  mean  temperatures  at  different  times  of  the 
year  (Bradley  haying  left  no  record),  this  can  in  no  wise 
influence  the  result  appreciably. 

As  to  (c),  the  alteration  of  the  relative  length  of  the  grad- 
uated arc  due  to  the  different  temperatures  of  the  upper  and 
lower  rooms  through  which  the  sector  passed,  eveu  if  appre- 
ciable—  and  I  fail  to  trace  it  in  the  observations  —  is  elimi- 
nated in  the  combination  of  north  and  south  stars.  As  to 
flexure,  it  would  be  purely  differential,  and  so  far  as  the 
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changes  of  a  star's  altitude  by  precession   and   tbe  lunar 
nutation  arc  concerned,  would  confound  itself  with  any  slow 

changes  in  tbe  line  of  collimation,  and  i >  way  conceal  any 

evidence  <>(  periodic  change  in  the  latitude  for  which  «.•  are 
searching.     The    effect   on    flexure   of  aberrational   i 
would  indeed  have  an  annual  period,  but  would  be  eliminated 


by  combining  stars  in  opposite  right 
would  amount,  even  at  5°  zenith-die 
hundredth  part  of  tbe  total  flexure,  01  bnl 
of  the  horizontal  flexure. 

There  remains  then  only  the  possible  variation  in  tl 
of  collimation  to  be  seriously  co 


FILAR-MICROMETEB    OBSERVATIONS   OF   COMET  1890  n, 

MADE    WITH    Till:    12-INCH    RQUATORIAI.    "I      IIII.    IKK    OBSBRfl 

By  B.  E.  B  m;n  1RD. 


1890  Mt.  Hamilton  \l  I 


No. 
Comp. 


la 


/S 


"s  apparent 


- 


PA 

for  A 


Mar. 

Apr. 

May 


June  22 

July      2 

Aug.  10 

31 


16  31  52 

16  16  50 

15  13  10 

16  15  .V.i 
I  2  3  1 1 

12  16  ."it; 

9  31  lo 

•  9  30  30 

9  28  13 

8  38  7 

8  .".1  59 


7 
8 
9 
10 
11 
12 


0  .  6 

1  .  3 

3 
0 
8  ,  6 

1  .  3 

2  .  6 

6 
0 


+0  12.52 

4-0  31,27 

— 0  0.36 

.u  5.08 

•  1  34.85 

—2  0.16 

4-1  53.47 

—  1  14.46 

—  1   39.04 


0  0.0 
+  1  19.9 
+  1     6.7 

—6  50.4 
•  5  32.2 
—5  25.9 
-  I   59.7 


21  in 

■_'l  II  3.24 

L'l  0  33.00 

20  31  53.9 

15  16  .".7.7:; 

1  I  30  37.83 

13  4  20.4 

12  59 


+  10  24    12.6 
4-10  52  21.5 


4-29  2 

4-13   17.;. 


4-65      1      1.1 

-4-60  1- 

4-11  55.7 

4-35  22.1 


- 


Muni    Place*  fur   JS'.KKO  <</  Comparison- Stars. 

Bed.  to 

8 

* 

a 

app.  place 

app.  place 

Authority 

3 

21    in 

-    L08 

4-lo  28   - 

—12.6 

W.|;    XXI, 

■I 

21    lo  32.99 

—1.02 

4-11      1    28.0 

—  12.!) 

Lai.   11290 

•'. 

lM    10  4± 

9 

1  is  25 ± 

—  1  1.1 

approximate  from  p 

omet 

6 

21     0  38.24 

—0.16 

4-29  l'l'  31.6 

—16.0 

B.B.    ll':.j  1301 

7 

20  30   18.8 

16.7 

—20.3 

DM     , 

8 

15    18  54.97 

4-2.92 

4-65     7    15.7 

4-   6.4 

Fedor.  Lai.  2703 

9 

1  1   28    12.76 

4-1.  CO 

4-60    12    Ifi 

-  13.4 

Oeltz.  Argel.  14660. 

10 

13     6      1.9 

4-0.04 

4-42   1.0 

4-    9.8 

DM.  IJ   2379 

11 

13     l   l'l'..; 

—0.14 

4-3.'.   27.0 

4-   G.O 

DM.  35°  2404 

April  u.     Position  from  the  observation  <>f  an  almost  central  occultation  of  ■  9' 


<)\    THE    PERIOD 

liv    lll'.NKV    M 

The  formula  which  1  gave  in  the  Astro 
no.  235,  accurately  represented  all  1 1 1 « -  observations  upon 
which  it  was  founded.  Yet  it  is  apparent  from  tbe  later  and 
much  mole  elaborate  observations  of  Mr.  Townlki  (A.J. 
8),  confirmed  by  my  observations  of  the  present  year, 
either  thai  the  shortening  of  tbe  period  was  temporary,  or 
that  it  was  illusive.  The  variable  .li.l  not  fall  to  ll".-_> 
until  16  day 8  after  the  maximum  just  passed;  .-<>  thai  it  is 
ii"i  improbable  that  the  maximum  in  1881  was  several  weeks 
after  the  observations  of  Dr.  Pi  n  as.  A  uniform  period  of 
171  8  days,  derived  from  my  observations  in  1885  and 
-  the  following  results  .- 

Computed  Observed 

1881  Dec.    18  Noi 

1885  Sept.  22  Sept.  22 

1886  Sept.     1  i 


OF    166  V  PISCIUM, 

PARKHUR8  I' 

Computed  rved 

S  '  Jan.      7  D 

1889  Dec.  16  Di 

1890  Nov.  25  \    .    L'l 

1891  Nov.     S  \ 

1892  Oct.  12 

l     -  marly  corresponds  with  the  elem 
table  in  the  .1  .21 6. 

The  disagreement  between  Mr.  !■  w 
Jan.  3,    1891,  and  my  own  on  Jan.  9,   »  is  whol  i   in  the 
photometric  scale  employi  d      w 

i  i'.i  the  same  Btar, /,  and  both  considered  then 
in  brightness.     Bui  he  estimati 
deduced  (from  two  obs 
the  scale  of  the  Harvard  Photoi 

\        )       .  1891    V        19 
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OBSERVATIONS   OF   THE    PERIODIC   COMET  OF    WOLF  (b  1891), 

KADI    IT    Mil:    0.8.   NAVAL   OBSERVATORY    »llll    nil     9.6-TNCH    EQUATORIAL, 

By   Pjm»,   E    I  KISIIV. 

[Communicated  bj  the  Superlntendenl 


1891  Washington  M.T. 

* 

No. 

*- 

"*        c- 

if 

6/">  apparent 

logj>A 

Comp. 

la 

a 

8 

for  a 

f..r  rl 

Oct.  1'.".     10  58  25*8 

1 

20  ,  4 

—2"  28*.  3  8 

+  0  80.6 

1    11   27.28 

+  21  27.6 

»i  0.268 

0.787 

28       9    10  55.2 

2 

20  ,  1 

+  0     2.71 

+  7  17.:; 

l    ll   82.95 

—  0  .°.7  25.8 

n9.6S0 

0.745 

Nov.    7       9  26    15.9 

S 

20  ,  1 

—0   11.88 

—9  58.1 

4  38  50.99 

35     8.7 

nS.606 

0.765 

30     10  57  84.0 

I 

25  ,  5 

+  0  40.53 

+  4  25.8 

1   24    1G.80 

—13  12  43.3 

B8.991 

O.SIO 

Dec.    1      11      7    19.8 

4 

20  .  4 

+  0     2.02 

—6  58.8 

I   24     8.31 

—13  24     7.6 

n8.886 

0.842 

Mean  Places  for  1891.0  of  Comparison- SI \a rs. 


* 

a 

Hod.  to 
app.  place 

8 

Red.  to 

app.  place 

Authority 

1 

2 
3 

4 

l"  13  53.04 
1    11   27.52 
4  38  59.51 

1   24     3.15 

+2.57 

+  2.69 

+  2.86 

(  +8.12) 

(+3.14} 

+   20  40.1 

—  0  44  58.3 

—  5  25  82.  1 

—  13   17  21.0 

11 

+  16.6 

+  15.2 

+  16.8 

(+11.9) 

1+11.7] 

Grant  1172 
Bonn  VI,  — 0°769 
Schjellerup  1519 

Greenwich  10-ye:ir  Catal.  1880 

The  observation  of  Nov.  7  was  compared  with  SUM.  — 5°, 1010,  ami  tliis  star  was  afterwards  compared  with  Schjellerup 


NEW   ASTEROID. 

A  planel  of  the  twelfth  magnitude  was  discovered  Nov.  27,  by  Borrelly  at  Marseilles,  in  the  position, 
1891  Nov.  27.3808  Greenw.  M.T.  a  =  4h  6'"  6*. 7,         fi  =  +23°  12'  58".  Daily  motion,  —60s  and  7'  southward. 


NEW  ASTRONOMICAL   WORK. 


Reinhold  Hahn,  Mikrometrtsche  fermessuag des  Sternhaufens  2'762 

ausgefuhrl  an  /<  »  .1,  qimtoreal  dir  L*  ip-iijrr  SI,  nwnrlr. 

Konigl.  Sdchsische  Gesellschaft  der  Wissenschaften,  XVII,  no.  III. 

Leipzig,  1891. 

This  cluster  is  in  close  vicinity  to  the  cluster  HerschelG.C.  1460, 
which  was  measured  by  Dr.  Bruno  Peter  at  the  Leipzig  Observa- 
tory in  the  years  1879  and  1882;  and  since  it  might  well  be  regarded 
as  a  part  of  the  latter,  it  was  selected  by  Mr.  Hahn  for  investi- 
gation. 

The  instrument  employed  was  the  same  which  had  been  used  by 
Dr.  Vogel  in  his  Obsi  rv  itionsof  Vebulas  and  i'histcrs,  some  twenty 
years  previously,  as  also  subsequently  in  those  of  the  cluster 
X  Persei,  and  by  1  >r.  ls<  xn  in  his  measurements  of  the  cluster,  Herschel 
1712.  Mr.  Hahn'S  observations  were  began  in  the  winter  18*5-86, 
and  continued  during  the  following  year;  this  first  series  compris- 
ing thirty-eight  nights' work.  But  the  results  were  not  found  en- 
satisfactory,  and  the  instrument  was  therefore  subjected  to 
examination  and  repairs  of  various  kinds.  Later,  in  the  winter 
I88S  59,  a  new  series  of  measurements  was  undertaken,  occupying 
fifty-three  nights.  The  present  memoir  depends  chiefly  upon  the 
later  measurements,  the  earlier  ones  being  employed  only  so  far  as 
they  proved  accordant  with  these  and  appeared  fully  trustworthy. 


The  memoir  begins  with  an  elaborate  investigation  of  the  reticule 
and  the  micrometer-screw.  This  is  followed  by  a  description  of 
the  mode  of  observation  and  of  the  reductions;  and  finally  the 
definite  results  are  given,  with  a  discussion  of  the  degree  of  accu- 
racy attained. 

The  plan  of  observations  implied  a  comparison  of  every  star  of 
tlie  cluster  with  at  least  two.  nut  of  nine,  principal  stars,  selected 
for  tin-  purpose  at  such  declinations  that,  in  every  case  one  of  the 
comparisons  in  declination  should  be  with  a  more  northerly,  and  one 
with  a  more  southerly,  star.  This  plan  was  carried  out  for  sixty-one 
stars,  except  that,  in  a  single  case,  only  one  of  the  three  comparisons 
was  with  a  so-called  principal  star.  The  resultant  catalogue  thus 
contains  the  respective  differences,  in  R.A.  aud  Decl.,  of  sixty  stars. 
referred  to  the  central  one,  Lai.  12819  =  £762,  the  position  of 
which  (equiu.  1885.0)  is  6»  34"'  50-.S7,  +9  ells.;,,  and  which 
seems  to  have  no  recognizable  proper  motion. 

For  the  average  mean  errors  of  the  resultant  differences  from 
this  central  star  .Mr.  Hahn  finds 


±0.037 
+0.0C3 


and  ±0.41 
±0.72 


for  stars  brighter  than  11.0 
"         fainter        "     11.0 


A  chart  of  the  cluster  is  appended  to  the  memoir. 
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ON   THE    PERIODIC   VARIATION    OF 
WITH    THE   WASHINGTON 

liY   S.    N 

Mr.  Chandler's  remarkable  discovery,  that  the  apparent 
variations  in  terrestrial  latitudes  may  be  accounted  for  by 
supposing  a  revolution  of  the  axis  of  rotation  of  the  earth 
around  that  of  figure,  in  a  period  of  427  days,  is  in  such  dis- 
accord with  the  received  theory  ol  the  earth's  rotation  that, 
at  first,  I  was  disposed  to  doubt  its  possibility.  But  I  am 
now  able  to  point  out  a  vera  causa  which  affords  a  complete 
explanation  of  this  period. 

I'p  to  the  present  time  the  treatment  of  this  subject  lias 
been  this  :  the  ratio  of  the  moment  of  inertia  of  the  earth 
around  its  principal  axis  to  the  mean  of  the  other  two  prin- 
cipal moments,  admits  of  very  accurate  determination  from 
the  amount  of  precession  and  nutation.  This  ratio  involves 
what   we  might  call,  in  a  general  way.  the  solid  ellipticity 

of  the  earth,  or  the  ellipticity  of  a  In geneous  spheroid 

baying  the  same  moments  of  inertia  as  the  earth. 

When  the  differential  equations  of  the  earth's  rotation  are 
integrated,  there  appear  two  arbitrary  constants,  represent- 
ing the  position  at  any  assigned  epoch  of  the  axis  of  rota- 
tion relative  to  that  of  Bgure.  Theory  then  shows  that  the 
axis  of  rotation  will  revolve  r< d  that  of  Bgnre,  in  a  period 

(6  davs.  and  in  a  direction  from  west  toward  cast.      The 

attempts  to  determine  the  value  of  these  constants  have  seemed 
to  show  that  both  are  zero,  or  that  the  axes  of  rotation  and 
Bgure  are  coincident.  Several  years  since,  Sir  William 
Thomson  published  the  result  of  a  brief  computation  from 
the  Washington  Prime-Vertical  observations  of  a  Lyme, 
which  1  made  at  his  request,  and  which  showed  a  coefficient 
05.  This  coefficient  did  not  exceed  the  possible  error 
of  the  result  ;  l  therefore  regarded  it  as  unt 

The  question  now  arises  whether  Mr.  Chandler's  result 
can  be  reconciled  with  dynamic  theory.  1  answer  that  it 
can.  because  the  theon  which  assigns  S06  days  as  the  time 
of  revolution  is  based  on  the  hypothesis  that  the  earth  is  an 
absolutely  rigid  body.  But,  as  a  matter  of  fact,  the  fluidity 
Of  the  ocean  plays  an  important  part  in  the  phenomenon,  as 
does  alsq  tin    elasticity  of  the  earth.     The  combined  effect 

Of  this  fluidity  and  elasticity  is  that   if  the  axis  of  rotation  is 

displaced  by  a  eertaln  amount,  the  axis  of  Bgnre  will,  by  the 
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changed  action  of  the  centrifugal  force,  be  moved  toward 
coincidence  with  the  new  axisof  rotation.  The  result  is,  that 
the  motion  of  the  latter  will  be  diminished  in  a  corresponding 
ratio,  and  thus  the  time  of  revolution  will  be  lengthened. 
An  exact  computation   of  the  effect   is  not  thout 

a  knowledge  of  thi'  earth's  modulus  of  elasticity.  Hut  I 
think  the  result  of  investigation  will  be  that  the  rigidity  de- 
rived from  Mr.  Chandler's  period  is  as  great  as  that  claimed 
by  sir  William  Thomson  from  the  phenomena  <>f  the  tides. 
The  Washington  observations  of  ,<  T/yrae,  made  daring 
the  years  1862-67,  are  of  BUCh  importance  in  their  bearing 
on  this  subject  that  I  must  call  attention  to  the  results  'if 
their  discussion.  Their  importance  aiiscs  from  the  fact  that 
they  extend  in  a  nearly  unbroken  series  through  :l  longer 
period  than  any  other  series  which  had,  at  that  time,  been 
made  with  an  instrument  of  like  precision.  They  were  COn- 
tinued  through  a  term  of  live  years,  because,  in  that  way, 
the    leu    months    inequality    in    latitude   could    be   determined 

independently  of  the  constant  of  aberration,  and  of  all  annu- 
ally recurring  anomalies. 

An  examination  of   them  shows  t  ■■•.  anomalies; 

the  one  of  annual  period  indicated  by  the  negative  parallax 
derived  from  the  observations:  the  other,  systematic  devi- 
ations from  the  general  mean,  which  may  be  explained  by 
periodic  variations  of  the  latitude. 

To  determine  the  law  of  the  annual  anomaly  leading 
negative  parallax.  I  take  the  mean  results  by  months.  1 
observation  being  reduced  to  the  epoch  1865,  with  l 
proper  motion,  the  mean  monthly  results  arc  as  foil    v 

Monthly  Mean  Corrections  to  '><■    Computt 
•<  Lyrcu  ,  cu 
tail. 

.Ian.  -  July 

Feb.  O.H 

Mar.  O.I  I 

Apr.  0.11  Oct. 

\1  \ 

.lime  -*  Dec. 


*2 
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The  changes  thus  Bhown  can  be  immediately  interpreted! 
when  we  recall  thai  the  transit  of  the  star  occurs  at  mid- 
nighl  on  June  28,  and  al  noun  on  Dec.  28.  Observations 
made  from  April  to  September  inclusive  ape  therefore  made 
with  the  sun  below  the  horizon,  those  from  October  to  March 
with  the  Mm  above  the  horizon.  The  effect  of  parallax  is 
clearly  shown  by  the  fact  that  the  midnight  observatipn* 
give  a  larger  declination  than  those  made  in  A.pril  and  Octo- 
ber. But,  instead  of  this  law  of  change  continuing  through 
the  day,  we  Bud  thai  the  apparent  declination  increases 
rapidly  through  the  day,  reaching  a  maxii ibout  noon, 

There  is  an  obvious  explanation  of  this.  The  day  obser- 
vations ave  necessarily  made  during  clear  weather,  when  the 
sun  is  shining.  "".The  slits  above  the  instrument  were  closed 
by  shutters,  against  the  vertical  side  of  which  the  sun  always 
shone.  On  the  south  slit  the  sun  shone  on  the  outs 
the  shutter,  and  therefore  no  effect  would  be  likely.  But 
when  observations  were  made  through  the  north  slit,  the 
line  of  sight  passed  within  a  fool  of  the  heated  surface  of 
the  shutter.  The  result  would  be  a  refraction  of  the  ray  of 
light,  Mich  as  to  throw  the  apparent  direction  of  the  star 
towards  the  north,  and  thus  to  increase  its  declination. 

The  complete  discussion  of  the  observations  requires  that 
this  effect  be  taken  account  of,  I  have  therefore  introduced 
the  following  unknown  quantities  into  the  equations  of  con- 
dition given  by  the  declinations :  x,  y,  constants  expressing 
the  coefficients  of  the  supposed  ten-month  variation  of  the 


1862  Apr.  30 
July  10 
Sept.  20 
Dec.     1 

1863  Feb.  12 
Apr.   23 


1863  July      8 

Sept.   13 
Nov.  21 

1864  Feb.  4 
Apr.  15 
June   25 


1864  Sept.  5 
Nov.  16 

1865  Jan.  26 
Apr.  7 
June  17 
Aug.  27 


These  appear  to  be  in  satisfactory  agreement  with  Mr. 
Chandler's  conclusions,  but  the  coefficient  will  come  out 
only  about  0" .  1 1 ,  or  less  than  half  of  that  which  lie  assigns. 
The  epoch  may  be  expressed  by  saying  that,  assuming  Mr. 
Ciiandlek's  period,  the  axis  of  rotation  in  its  revolution 
passed  the  meridians  of  Washington  and  Pnlkowa  about  the 
following  dates,  which  are  necessarily  uncertain  by  a  month. 

The  Pulkowa  dates  are  about  two  months  earlier  than 
those  found  by  Mr.  Chandler. 


latitude  ;  l.  the  coi  lection  to  Stbdve's  aberration  :  A.  the  cor- 
rection to  the  declination  of  the  star:  <i.  a  hypothetical  con- 
stant coefficient  of  the  cosine  of  the  son's  azimuth,  when 
above  the  horizon,  assumed  to  be  proporticuKil  to  the  heating 
effect  of  the  sun's  rays  on  the  mutteS  ;  /*'.  the  parallax  of 
«  Lyrae,     The  results  are  : 

x  =  +(1.112.-. 

y  =z  +0.006 

b  —  0.000 

p'=  +0.131 

a  =  +o.4i 

This  work  was  done  before  any  suspiciou  was  entertained 
that  the  period  of  latitude  could  differ  from  306  days.  It 
will   lie  seen   thai   on   this  supposition  the  variation 

nearly  nil  that  it  need  not  be  taken  into  account.  I  vas, 
therefore,  much  surprised  when  Mr.  Chandler  cited  the 
observations  as  tending  to  confirm  his  new  period  of  127 
days.  As  he  took  no  account  of  the  annual  anomalies,  it 
seemed  desirable  as  soon  as  possible  to  test  los  period  by 
the  outstanding  residuals  alter  the  annual  anomalies  were 
eliminated.  1  therefore  divided  his  period  into  six  pints. 
the  mean  of  which  are  shown  by  the  dates  in  the  following 
table,  and  took  a  rough  mean  of  the  final  residuals  for  each 
division.      The  results  are  as  follows: 


1865  Nov. 

1866  Jan. 
Mar. 
June 
Aug. 


1867  Jan.      8 
Mar.    IS 


Oct.    28 


A 

+0.07 

+  0.11 

+  0.05 

—0.09 

+  0.02 

—0.20 

Pulkowa 

1865   Nov. 

1867  Jan. 

1868  Mar. 

1869  May 

Washington 

1865  July 

1866  Sept. 

1867  Nov. 
1869  Jan. 


It  is  my  intention  to  repeat  the  solution  of  the  equations 
of  condition,  using  Mr.  Chandler's  period,  at  the  earliest 
possible  date.  Until  this  is  done  uo  definite  conclusion  can 
be  drawn. 


AXCIENT   CHRONOLOGY   AXD   ECLIPSES. 

(Letter  from  W.  T.  Lynn,  Esq..  to  the  Editor.) 


I  need   ask   space  for  only  a  very  few  words  in  reference 

to  Mr.  SToeKwr.i.i.'s  objections  to  my  remarks  in  No.  246  of 

this  Journal.     He  puts  aside   the  testimony   of    Suetonius, 

, „  Jt  is  opposed  to  his  views,  so  that  to   bring  forward 

■nee  would  be  useless.     But  I  must  just  allude  to 


the  one  new  point  in  his  last  letter,  by  which  he  endeavors 
to  support  his  contention  that  the  accepted  chronology  of 
Roman  history  is  one  year  in  error.  This  is  founded  on  the 
statement  of  PiajtarCH  that,  on  the  night  before  the  assassi- 
nation of  Julius  Caesar,  his  wife  Cai.purnia  was  disturbed 
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by  a  dream,  and  thai  he  sa«  her  by  the  lighl  of  the  i. 

Now,  as  the  moon  was  full  on  the  15th  (the  Idee)  of  March 
in  B.C.  15,  but  was  past  her  third  quarter  on  thai  day 
in  B.C.  11.  Mr.  Stockwell  argues  that  the  runner,  rather 
than  the  latter,  was   the  year  of  tin  murder.      [I 

in  me  thai   be  is  here  led  « g  b\   the  expression 

(if  Seyffakth,  [Summary,  p.  234)  ■■<  llpurnia  is  awaked 
by  the  lull  light  of  the  moon."  This  is  not  taken  from 
Plutarch,  who  says  thai  Caesar  looked  upon  her  no  c-om 

KaTaXajXtroxxrqi  r>)s  crtXrji'r/i,   hilt    doubt  less    from    .III  II-    ObSE- 

qubn8,  the  only  other  ex  tanl  author,  who  refers  in  the  »n- 

'ii  thai  occasion,  and  says  thai  the  doors  of  the  chamber 
opened  of  their  own  accord,  ••  iin  ut  lunae  fulgore  qui  intro- 
r,  inri.i.  C'alpumia  excitaretur."     Neither  of  the  ancient  au 

thors  speaks  of  the  moon  as  having  Keen  full.  Now  sin- 
was  full  "  iii  B.C. 44  on  March  19;  Caesar  was  assassinated 
on  lhe  dav  following;  the  night  of  March  1  1.  when  the  waning 
moon,  live  davs  before  conjunction,  would  give  a  good  deal 
of  light  in  the  early  morning  in  an  open  room. 


P.S.  —  In  my  anxiety  to  he  brief,  ami  save  your  valuable 
spare,  I  forgot  to  refer  to  Mr.  Stockwell's  argument  for 
his  views  respecting  the  correspondence  of  the  Olympic 
festivals  with  bissextile  years,  derived  from  the  date  of  the 
death  of  Darius  Codom annus.  It  is  remarkable  how  the 
tine  conclusion  is  the  very  reverse  of  that  which  be  draws. 
The  date  (if  the  battle  of  Arhela.  nr  rather  of  Gaugamela,  is 
of  course  indubitably  fixed  by  the  total  eclipse  of  the  moon 
which  occurred  shortly  (Plutarch  says  eleven  days)  before 
the  battle.     Thai  eclipse,  there  is  no  room  for  dispute,  was 

tie    (Hie  which  took  place  on  t  he  evening  (if  Sept .  20,  B.C.  331. 

*  Doubtless  a  slip  of  the  pen  for  "  new."  —  G. 


Although   Mr.  Stockweju    is  misled  here,  as  I  think,  by 
Seyfi  mjih's  language,  I  notice  that  he  is  very  far  from  ac- 
cepting that  writer's  system  of  chronology.    Seyffari 
received  date  "i   <  aesar's  death  by  two 

placing    it    ill    the   year    which  he   calls   I  I  .  reall;. 

renerally    called    B.<  .   12,   two  days  after 
an  eclipse  of  the  moon,  (which  was  not    total,  as  he  sup- 

1  must  refci   Mr.  Stockwkll  to  Clinton's  Faxli  B 

for  a  proof  that  Joseph i  -  was  probably  one  year  in  error,  ill 
placing  the  capture  of  Jerusalem  by  Herod  and  So&ius  in 

i;.i  .  .;; ;  it  probably  took  place  in  December,  B.<  .  38,  and 
Herod's  actual  reign  began  in  B.C.37.  It  will  hardly  he 
contended  that  the  Jewish  historian,  who  assigns  a  duration 
of  eighty  years  to  tic  reign  of  Solomon,  is  free  from  error. 

I  would  just  remark,  as  this  is  probably  tie 
shall  trouble  you  on   the   subject,  that  your  printer  (possibly 
by  a  slip  of  my  own  I  lias  made  me  spell  Catii.ink  erroneously 
in  my  last  letter. 


The  murder  of  Darius  by  Bessi  -  occurred  in  the  summei  of 
the  following  year.     A  1:1:1  \n   -  lively  (lib. iii,  c. 7) 

that  it  was  in  the  Attic  month  /A  katombaiotl,  the  very  month, 
I  need  not  remark,  in  which  the  Olympic  festivals  wen 
brated.  That,  then,  being  the  third  year  of  the  112th  Olym- 
piad, and  being,  as  we  have  seen.  B.C.  330,  it  follows  that 
the  first  year  of  that  Olympiad,  in  which  the  festival  was 
Observed,  was  B.<  .  :'>.">•-'.  whilst  the  year  before  this,  B  ' 
would  correspond  to  a  bissextile  of  the  Julian  Calendar. 

w  r.L. 

Blackheath,  I.,, ml,,,,,  /■;»•/..  1891  Win;. 24. 


ON    THE    VARIATION    OF    LATITUDE, 


UliAi'i.ii     made     no     provision    at     Waiistead,    such     ;is    he 

afterward-  arranged  when  the  instrument  was  carried  to 
Greenwich  in  17. .0,  tor  reversal  ol   the  sector,  whereby  the 

error  of  colliination  could  In-  found  and  eliminated.  This 
might  at  first  be  thought  to  be  a  defect  in  his  plan,  but. 
maturely  considered,  il   is  rather    additional    testimony  to  his 

wonderful  sagacity,  although  it  somewhat  increases  our  dif- 
ficulties in  the  present  problem.  For  his  purpose  the  opera- 
tion of  reversal  would  have  been  open  to  grave  objection, 
while  its  end  could  be  attained  in  another  way,  namely,  by 
the  combination  of  stars  in  opposite  right-ascensions,  which 
would  eliminate  the  error  ol  collimatiou  from  the  aberration 
and  uutation-coustants  he  was  seeking  to  determine,  the 
instrument  was  therefore  used,  throughout  the  whole  inter- 


CHANDLEK. 
IV. 

\al  of  twenty  years,  in  a  fixed    position.      First,  it  should  be 
n. .ted  thai  any  influence  of  change  in  the  brickwork  mount- 
ing,  upon   the  observations,   is  absolutely  out   of  p 
question.     Again,  it  needs  but  a  superficial  examination  to 

show  that  no  gradual  alteration  of  the  relation  of  lhe  colli- 
malioiiraxis  to  the  plumb-line  occurred  during  the  whole  of 
this  long  period,  which  could  at  most  exceed  a  moderate 
fraction  of  a  second  of  arc.  BUSCB  proved  this,  and  the 
present  reduction  fully  confirms  it.  as  the  following  table 
shows.  It  is  formed  by  taking,  for  the  separate  periods  in- 
dicated in  the  headings,  the  means  of  the  residuals  on  pp. 
77.  7.s.  for  the  six  Stars  observed  during  the  whole  interval. 
giving  half-weight  to  those  icsting  on  but  one  01  two 

\  aliens. 
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I7L'7- 

1729  80 

1 78 1  - 

15 

1786 

in 

1741-47 

20 

—  0.14 

9 

_o 

n 

—0.15 

6 

•  0  •■•1 

4} 

+  1 .05         -l\ 

:,.',     :: 

—11.(17 

12 

—0.23 

8 

—  0.06 

*i 

+  0.76 

1 

+0.88           \ 

52   80 

—0.16 

l  l 

—o..",:: 

13 

I  0.38 

!lo 

— o.l -J 

~h 

+0.88        r 

51    32 

—0.09 

l  l 

—0.39 

ll>, 

-  0  09 

1  '  J 

—0.57 

11 

+0.28        6 

51    82 

—0.07 

6 

—  0.10 

3 

—0.17 

i 

— 0.14 

li 

+  1.91           .J 

50   40 

+0.07 

9 

—0.11 

7 

+  0.26 

- 1 

—0.34 

7 

+0.34         14 

Means, 


_    0.08 


—0.28 


4  0.1  i 


— 0.23 


I  0.62 


Only  in  the  last  group,  1741-47,  is  there  any  Bign  of  de- 
cided change  in  collimation.  For  this  gronp  all  the  stars 
give  positive  values;  the  earlier  groups,  in  general,  negative 
ones.  Ii  is  nol  certain  even  thai  these  small  differences  are 
doe  in  this  error,  and  that  they  may  not  be  more  properly 
attributed  to  the  falling  of  the  disconnected  groups  of  obser- 
vations in  the  Inter  years  on  different  phases  of  the  latitude- 
change.  It  is  necessary  to  state  here  that  up  to  the  begin- 
ning of  1731,  the  observations  were  pretty  continuous.  But 
at  this  point  Bradley  apparently  reasoned  that,  having  ob- 
tained enough  material  to  tix  the  aberration-constant  with 
precision,  it  was  only  required,  for  the  nutation,  to  obtain 
further  observations  during  a  limited  period  in  each  year: 
and  after  this  he  made  semi-annual  journeys  from  Oxford 
to  Wanstead  for  this  purpose,  generally  about  February  and 
September,  until  the  nutation-period  was  completed.  For 
our  present  inquiry  this  discontinuity  operates  very  disad- 
vantageous^, of  course;  and  decisive  results  can  only  be 
obtained  from  that  part  of  the  series  between  1727  and 
1731. 

die  possible  existeuce  of  periodic  changes  of  collimation 
due  to  temperature,  and  dependent  on  the  season  of  the  year, 
.can  be  disposed  of  in  another  way,  and  it  seems  to  me  very 
convincingly.  The  only  reason  for  recourse  to  such  hypo- 
thetical changes,  heretofore,  springs  from  the  fact  that,  not- 
withstanding the  extraordinary  exactitude  of  Bradley's  sec- 
tor-observations—  an  exactitude  which,  even  with  all  the  ad- 
vance since  his  time  in  optical  and  mechanical  improvements 
of  instrumental  construction,  and  in  methods,  could  scarcely 
be  equaled  at  the  present  day  —  the  aberration-constant 
deduced  from  them   is   undeniably  erroneous   by  a  quarter  of 

a  second.      The  illustrious  Peters  SOUghl  to  aci nt  for  this 

puzzling  discordance,  in  his  Recherches  sur  la  ParaUaxi  des 
Etoilcs  Fixes,  by  supposing  that  there  was  a  variability,  due 
to  temperature,  between  the  vertical  line,  indicated  by  the 
coincidence  of  the  plumb-line  with  two  fixed  points  of  the 
instrument,  and  the  optical  axis  of  the  telescope.  He  states 
that  '  this  is  the  most  probable,  and  the  only  possible  ex- 
planation "  of  Bradley's  erroneous  aberration.  The  opin- 
ion of  so  high  an  authority  ought  to  be  conclusive-,  and 
appears  to  have  been  generally  so  regarded;  yet  I  venture 
with  the  utmost  diffidence  to  suggest  some  considerations 
which  seem  to  set  it  aside.  The  annual  disturbance  which 
could   thus  arise   is   much   more   important   than  the  diurnal. 


This,  however,  would  act  oppositely  on  the  aberration  of 
stars    in    opposite    right-ascensions;     and    from    Bit im.iv's 

judicious   selecti f  stars,    which   was   probably    governed 

by  this  very  consideration,  it  would  be  almost  completely 
eliminated  from  bis  results.  But  there  are  two  other  ob- 
jections, both  more  forcible  than  this,  and  either  of  them 
fatal.  First,  such  an  explanation  would  require  the  maxi- 
mum or  minimum  effects  to  be  exhibited  either  in  midwinter 
or  midsummer.  Now  the  actual  phenomenon  which  I  do 
find,  to  be  presently  given,  has  its  maximum  and  minimum 
in  autumn  and  spring,  respectively,  and  its  mean  values  in 
summer  and  winter.  Secondly,  if  we  are  to  ascribe  the  phe- 
nomenon to  instrumental  change  of  any  sort,  we  are  landed 
in  a  worse  dilemma  than  that  from  which  we  seek  to  escape; 
for  then  the  argument  must  be  that  BRADLEY'S  observations, 
which  are  equally  competent,  at  least,  with  any  modern  series 
to  reveal  the  change  of  latitude,  do  not  show  it  at  all.  and 
that  therefore  the  motion  of  the  pole,  —  which  I  assume  to 
be  conceded  from  the  evidence  already  adduced,  not  to  men- 
tion all  that  I  have  yet  on  hand,  imprinted — has  originated 
since  Bradley's  time,  a  view  so  inherently  improbable  that 
no  one  would  care  to  maintain  it. 

I  have  thus  dwelt  upon  the  proper  Interpretation  of  Brad- 
i.i  y's  work  because  an  exceedingly  important  and  interest- 
ing conclusion  flows  from  it;  namely,  that  the  period  of 
polar  revolution,  which,  as  I  have  attempted  to  show,  is 
about  427  days  in  our  own  time,  was  certainly  shorter  in 
Bradley's,  probably  in  the  neighborhood  of  a  year.  A  result 
so  curious,  if  we  found  no  further  support,  might  lead  us  to 
distrust  the  above  reasoning,  and  throw  us  back  to  the 
possibility  that,  after  all.  BRADLEY'S  observations  may  have 
been  vitiated  by  some  kind  of  annual  instrumental  error. 
But  it  will  abundantly  appear,  when  I  have  had  opportunity 
to  print  the  deductions  from  all  the  other  series  of  observa- 
tions down  to  the  present  time,  that  the  inference  of  an  in- 
crease in  the  period  of  polar  revolution  is  firmly  established 
by  their  concurrent  testimony.  Before  going  on,  a  significant 
feature  of  the  above  table  must  be  noted,  which  will  di- 
rect the  treatment  of  the  data.  In  at  least  three  of  the 
periods  of  time  into  which  the  whole  series  is  divided,  there 
is  a  tendency  to  system  in  the  mean  residuals,  which  hints  at 
some  slight  instrumental  change  dependent  on  the  zenith- 
distance.  Without  discussing  its  nature,  which  can  be  more 
intelligently  done  in   the  definitive   investigation,  it  seems 
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safer  to  respect  this  slight  symptom  of  possible  error  by 
employing  for  the  present  only  the  six  zenithal  stars.  This 
should  be  done  at  auy  rate,  perhaps,  to  avoid  any  appreci- 
able refraction,  and  other  errors  mentioned  on  pp.  79,  80. 
It  is  also  obviously  impracticable  to  use  the  discontinuous 
observations  after  1731  until  we  have  some  approximate 
knowledge  of  the  period,  at  this  time.  Combining,  there- 
fore, the  residuals  on  pp.  77,  78,  up  to  March  1731,  of  the 
stars  within  a  degree  of  the  zenith,  in  20-day  groups,  and 
assuming  that  the  mean  values  correspond  to  the  middle 
date  of  each  group,  we  have  the  following  table  : 


17-27  Sept.  15 
Oct.  •"' 
Oct.  25 
Nov.  ll 
Dee.  4 
Dec.   24 

1728  Jan.  13 
Feb.  2 
Feb.  22 
Mar.  13 
Apr.  2 
Apr.  22 
May  12 
June  1 
June  21 
July  1 1 
July  .".1 
Aug.  20 
Sept.    :i 

Sept.  -.".I 

Oct.  19 
Nov.  8 
Nov.  28 

172.S   Dec.    18 


+  0.42 
+  .29 
+  .34 
+  .42 
+  .36 
+  .38 
+  .33 
+  .07 
+  .51 
+    .76 

—  .68 

—  .98 

—  .25 

—  .49 

—  .16 

—  .49 
+  .34 
+  .41 
+  .10 
+  .18 
+  .74 
+    .02 

—  .39 
—0.25 


20 

17 

14 

6 

8 

8 

19 

9 

17 

4 

11 

6 

5 

5 

6 

22 

4 

28 

13 

17 

5 

8 

11 

20 


1729  Jan.  27 
Fell.  16 
Mai.  8 
Mar.  28 
May  7 
June  16 
July  6 
July  26 
Aug.  15 
Sept.  4 
Sept.  2  1 
Oct.  14 
Nov.  :; 
N,,v.  23 
Dec.    13 

1730  Feb.  ll 
Mar.  23 
June  1 1 
An-.  30 
Sept.  19 
Dec    28 

1731  Jan.  17 
Feb.    26 


—0.37 

—  .42 
—0.77 

—  1.05 
—0.79 

—  .10 

—  .21 
+  .30 
+  .02 
+  .22 
+    .11 

—  .01 
+  .21 
+    .28 

—  .36 
+    .12 

—  .77 

—  .63 
+  .61 
+    .27 

—  .09 
+  .08 
+  0.02 


13 
17 
14 

9 

5 
14 

9 

6 
18 
20 
10 

5 
10 

5 
13 

2 

6 

4 

18 

13 

10 


Tlie  presence  6f  a  periodic  term  in  this  series  with  a  range 
of   about    1".0   and  a  period    of   :il t    a   year,  is    unmislakc- 

able.     It  is  are  accidental  collocation  of  signs,  for  it 

appears  quite  as  distinctly  in  the  individual  stars.  It  is  not 
an  effect  of  stellar  parallax,  for  the  maxima  and  minima  fall 
:it  the  same  places  for  stars  of  differenl  right-ascensions. 
If  a  chart  be  formed  from  the  residuals,  and  a  fair  curve  be 
drawn,  it  will  be  seen  that  the  maxima  and  minima  occur  in 
autumn   and   spring,  the  mean  values  in  winter  and  summer. 

This  fact  and  tl fcher  arguments,  above  adduced,  seem  to 

lie  cogenl  against  the  hypothesis  of  instrumental  effect  of 
temperature.  There  remains,  then,  the  onlj  natural  con- 
clusion of  an  actual  displacement  of  tbe  zenith,  in  other 
words,  a  change  of  latitude. 

A-  to  the  lengtb  of  the  period,  from  the  most  careful  ex- 
amination that  can  at  present  be  made  of  the  data  above  avail- 
able, between  1  72  7  and  1  7.".  1  .  the  only  certain  inference  we  can 

draw  from  them  alone,  is  that  the  period  for  this  epoch  lies 
between  850  and  880  days.  Normal  epoch-  of  maxima  and 
minima  can  be  assigned,  however,  with  considerable  sharp- 
ness, notwithstanding  this  Blight  indeterminateness  of   the 


period.     By  processes  which  it  is  unnecessary  to  describe  I 
find, 

Normal  epoch  of   maximum,        1729  Oct.  13 
Normal  epoch  of  minimum,         172:»  Apr.  27 
These   values  are  probably   within  a   very   few  days  of  the 
truth.      Attempts  to  utilize  the  data  between  1731    and    1747 
must  be  deferred  for  the  present,  on  account  of  the 
tinnity  previously  alluded  to. 

The  observations  at  Kew.  in  1726  and  1727.  with  the  first 
zenith-tube,  have  an  intrinsic  precision  at  least  equal,  and 
probably  superior,  to  those  at  Wanstead,  but  they  are  much 
fewer  in  number.  While  there  are  some  scattered  measures 
of  other  stars,  only  those  of  y Draconis,  til  in  number,  are 
of  service.  These  are  invaluable,  however,  and  show  the 
variation  of  latitude  quite  as  distinctly,  notwithstanding 
their  limited  extent,  as  the  later  series  at  Wanstead.  Ap- 
plying the  same  reductions  for  alienation,  nutation  and 
proper  motion  as  before,  we  get  the  following  diffei 
(O — C),  from  the  mean  instrumental  polar  distance, 
C   =  38°  27'  55".46. 


1726  Jan.  7 
Mar.  6 
Apr.  12 
May  4 
June  1 1 
June  24 
July  1 1 
July  23 


+  0.20 

—  .28 
+  .15 
+    .24 

—  .11 

—  .03 

—  .33 
—0.07 


172C  Sept.  2 
Sept  22 
Oct.   12 

1727  Feb.  2 
June l 7 
Aug.   9 

Sept.    8 


+  0.31 
+    .31 

—  .19 

—  .13 


These  indicate  a  maximum  about  1726  Oct.  15.  and  a  min- 
imum, less  certainly,  about  1726  Apr.  18.  Either  of  these 
times  may  easily  be  a  month  in  error.  The  intervals 
between  these  and  the  above  normal  dates  at  Wanstead 
apparently  give  a  period  of  367  days. 

So  far,  then,  as  the  results  of  this  incomparable  s< 
observations  at  Kew  and  Wanstead,  sidered  by  them- 
selves alone,  can  now  be  stated,  the  period  of  the  polar  ro- 
tation at  that  epoch  appeals  to  have  been  probably  some- 
what over  a  year,  and  certainly  shorter  by  about  two  months 
than  it  is  at  the  present  time.  The  range  of  the  variation 
wa-  apparently  in  tin-  neighborhood  of  a  second  of  arc.  or 
Considerably  larger  than  that  shown  by  the  best  modern  ob- 
servations. 

Before  taking  leave  of  rvations  for  the  present 

I  cannot   forbear  to  speak  of   the  profound  impression  which 

a  study  of  them  leaves  upon  the  mind,  and  the  satisfaction 

which  all  astronomers  must  feel  in  recognizing  that,  ; 

its  first   fruits  of  the  phenomena   of   alienation  and  nutation. 

we  now  owe  also  our  fust  knowledge  of   the  polar  motion  to 

this  same  immortal  work  of  Bit  wi  by.    Its  excellence,  highly 

appreciated  a-  it  has  been,  has  still  been  hitherto  ol  - 

by    the    presence    of   this   unsuspected    phenomenon.      When 

divested  of  its  effects,  the  wonderful  accuracy  of  this  work 

must  appear  in  a  finer  li^ht.  and  our  admiration  be  raU 

a   higher   pitch.      Going   back   to   it    after  one    hundred    and 


Ill  I       A  STKONOMK    A  I.     .1  0  I    iiNAL. 


N     251. 


sixty  j  ■  indeed,  like  advancing  into  an  era  of  prac- 

refined  than  that  from  which  we  pass. 

And  this  leads  t..  a   worthy  of  serious  pn 

( sideration,      whether  we  can  do  better  in  the  future 

,,!'  tin'  polar  rotation,  than  again  to  avail  ourselves  of  Brad- 
ley's method,  withoul  endangering  its  elegant  simplicity  and 
by  attempts  al  improvement,  other  than  supply- 
ing certain  means  of  instrumental  control  which  would  with- 
oul  doubt  commend  themselves  to  his  sagacious  mind. 

In  the  ii«'\i  article  Bradi  bv's  later  observations  al  Green- 
wich, tin  results  "!"  which  are  nol  so  distinct,  will  be  dis- 
cussed;  and  also  those  of  Brinklbi  mi  Dublin,  1808  13 
aud  1818-22.  This  will  bring  again  to  the  surface  one  of 
the  most  interesting  episodes  in  astronomical  history,  the 
spirited  and  almost  acrimonious  dispute  between  Brinklei 
and  Pond  «itli  regard  t<>  stellar  parallaxes.  I  hope  to  show 
that  the  hitherto  unsolved  enigma  of  Brinkley's  singular 
ii  ^nhs  finds  its  easy  solution  in  the  fad  of  the  polar  motion. 
Tli,'  period  for  his  epoch  appears  to  have  been  about  a  year, 
and  its  range  more  than  a  second.  Afterwards  will  follow 
various  discussions,  already  more  or  less  advanced  towards 

completion.     These  include  BlcssKi.'s  observations  at   KonigS- 

berg,  1820-24,  with  the  Reichenbach  circle,  and  in  1842-44 
with  the  REPSOLD  circle;  the  latitudes  derived  from  the 
polar-point  determinations  of  Strdve  and  Madler  with  the 
the  Dorpai  circle,  1822-38;  Struve's  observations  for  the 
determination  of  the  aberration;  Peteks's  observations  of 
Polaris,  1841-43,  with  the  vertical-circle;  the  results  ob- 
tained from  the  reflex  zenith-tube  at  Greenwich,  1837-1875, 
whose  singular  anomalies  can  lie  referred  in  large  part  to  our 
present  phenomenon,  complicated  with  instrumental  error, 
to  which  they  have  until  now  been  exclusively  attributed; 
the  Greenwich  transit-circle  results,  1851-65,  in  which  case, 
however,  a  similar  complication  and  the  large  accidental 
errors  of  observation  seem  to  frustrate  efforts  to  get  any 
pertinent  results;  the  Berlin  prime-vertical  observations  of 
Weyer  and  I'.iunnow  ,  1845-46,  in  which  I  hope  to  show- 
that  the  parallax  of  (3  Draconis  derived  from  them  is  simply 
dot'  the  change  id'  latitude;  the  conflicting  latitude 
determinations  at  Cambridge.  England  ;  the  Washington  ob- 
servations of   Polaris  and  other  close  polars,  1806-87,  with 


the  transit-circle ;  also  th ■■-•         Melbourne,  1663-84,  a  pm- 

tioii  of  which  have  already   been  drawn  upon  iii  the  last  mi iii- 

U ;  .uid  some  others.     While  the  list  is  a 

considerable  one.  I  shall  b.able  Id  compress  the  statement 
uf  results  for  many  of  the  s,-i  i,-,  ml.,  a  short   -pace. 

In  connection  with  this  synopsis  of  the  scope  of  the  in- 
vestigations,  one   or   two   particulars    may  be  of   interest, 

which  al  the  presenl  Willing  si  em  to  foreshadow  the  proba- 
ble .'ii.  I   beg,  however,  thai   the  stateuieul   will    be 

merely  as   a    provisional   one.     First,    win,. 
period  is  manifestly  subject   to  change,  as  has  already  once 

oi   twice  been  intimated,  1   have  hitherto  failed   in  tracing  the 

variations  to  any  regular  law.  expressible  in  a  numerical 
formula.  Indeed,  the  general  impression  produced  by  a 
study  of  these  changes  in  the  length  of  the  period,  is  thai 
the  cause  which  produces  them  operates  capriciously  i"  a 
certain  degree,  although  the  average  effect  for  a  century  has 
been  to  diminish  the  velocity  of  the  revolution  of  the  pole. 
How  far  this  impression  is  due  to  the  uncertainty  of  the  ob- 
servations, and  to  the  complication  of  the  phenomenon  with 
other  periodical  changes  of  a  purely  instrumental  kind.  I 
cannot  say.  Almost  all  of  the  series  of  any  extent  which 
have  been  examined,  have  the  peculiarity  that  they  manifest 
the  periodicity  quite  uniformly  and  distinctly  for  a  number  of 
years,  then  for  a  while,  obscurely,  in  some  cases,  however, 
wdiat  at  fust  appears  to  be  an  objective  irregularity  proves 
not  to  be  so  by  comparison  with  overlapping  series  at  other 
obsen  atories. 

Another  characteristic  which  has  struck  my  attention,  al- 
though somewhat  vaguely,  is  that  the  variations  in  the 
length  of  the  period  seem  to  go  hand  in  hand  with  simulta- 
neous alterations  in  the  amplitude  of  the  rotation  ;  the 
shorter  periods  being  apparently  associated  with  the  larger 
coefficients  for  the  latter.  The  verification  of  these  sur- 
mises awaits  a  closer  comparative  scrutiny,  the  opportunity 
for  which  will  come  when  the  computations  are  in  a  more 
forward  state.  If  confirmed  these  relatious  will  afford  a 
valuable  touchstone,  in  seeking  for  the  cause  of  a  phenome- 
non which  now  seems  to  be  al  variance  with  the  accepted 
laws  of   terrestrial  rotation. 


OBSERVATIONS   OF    VARIABLE   STARS    IX    1891, 

By  PAUL  S.  YENDELL. 
1 1  "J  /.'  Andromedae. 

/.'  Andromedae  has  been  observed  from  October  1  to  De- 
cember 16;  the  observations  numbering  in  all  18.  When 
first  seen  it  was  near  the  limit  of  visibility,  and  its  light  was 
estimated  at  <  1 1  ".0  ;  it  rose  steadily  to  a  maximum  of  7". 2, 
quite  sharply  marked,  on  I  (ecember  •-'  Its  decline  has  since 
been  rapid,  it  having  fallen  a  full  magnitude  when  last  ob- 
served. 


to  X, 


l.'i I  1   T  Ursae  Majoris. 

This  stai'  has  been  observed  fourteen  times,  from  Sept.  20 
:  a  maximum  of  7"..">  was  passed  Oct.  29. 
51i)0  11  Camelopardalis. 
i  have  observed  this  variable  twenty-three  times  between 
Sept.  2  and  Dec.  2.     A  maximum  of  7M.7  is  indicated  by  the 
observations  to  have  occurred  Oct.  2'i.     When  last  observed 
its  magnitude,  by  careful  estimation,  was  9M.0. 
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X  Her  cults. 
This    star    has    been   observed    twenty-three   times   this 
season,  from  March  29  to  Oct.  2.     A  minimum  is  indicated 
on  May  81,  and  a  rather  bright  maximum  on  July  31. 

6404    )'  Ophiuchi. 
This  star,  which  is  one  of  Sawte  r's  recent  discoveries,  has 
been  observed  thirty-nine  times.     By  these  observations  the 

following  times  of  maxima  and  minima  are  indicated. 


M  una  w 

1891  June  13.8  3 

July    18.6  3 

Aug.    2.9  4 

Sept.    5.7  3 


Minima  w 

July  10.8  4 

25.7  1 
Aug.    9.2 


6512  T  Eerculis. 
This^star  was  observed  nine  times  from  Aug.  13  to  Sept. 
23  :  these  observations  indicate  a  maximum  <>n  Sept.  I. 

6733  I!  Scuti. 
This  irregular  variable  has  been  kept  under  observation 

1 1 -in,   May  27  to  Nov.  4.      When    first    observed    it   was    near 

a  bright  maximum,  its  light  being  estimated  at  P'.ti ;  it  de- 
clined to  a  minimum  of  7". 5  Aug.  19,  after  which  it  again 
rose  to  a  bright  maximum  of  4". 2  Sept.  29.5.  When  last 
obsen ed  it  was  about  6".  i. 

6849  /■'  Aquilae. 
R  A quilae  was  observed  from  Aug.  n'  to  Nov.  30,  when  it 
was  too  low  in  the  west  for  reliable  observation.  The  obser- 
vations number  -<'>.  and  show  a  pretty  definite  maximum  to 
have  been  passed  Sept.  30,  at  which  time  its  magnitude  was 
by  eye  estimation  6*. 2. 

6984  U  Aquilae. 

This  star  was  observed  thirty-two  times,  from  July  5  to 
Oct.  21.  From  these  observations  have  been  deduced  by 
Sawyer's  mean  light-curve,  five  maxima,  ami  bj  i he  single 
curves,  four  maxima  and  four  minima.     The  indicated  times 

are  as  follows  : 

M  wim  \         w  Minima  w 

1891  July   4.86  2  (mean  light-curve)         1891  July  9.3     I 

L2.3  4  31.4     3 

•21.2  3  Sept.3.6      I 

Aug.   8.84  3  (mean  light-curve)  Oct.    1.3     4 

24.9  2      "         "        " 

Sept.    8.0  3 

21.25  3 

Oct.    7.16  l  (  mean  light-curve) 

20.18  l « 

7'.'  12  S .,  I'/ 
I  have  made  fifteen  observations  of  S  Aquilae,  from  Sept. 
4  to  Dec.  8.     A  minimum  of  1 1  M.o  is  shown  on  ( )ct.  3,  since 


which  time-  the  star  had  increased  fully  a  magnitude  when 
served. 

7257  R  Sagitlae. 
This  star  was,  when  first  observed,  apparently  m-ara  prin- 
cipal maximum,  it  being  at   tin-   tim.  . 
about  8* ;  a  decline  to  a  minimun  of  <  10"  followed,  and  oc- 
curred Sept.  19.     A  fainter  maximum  of  about  8". 5  occurred 
Oct.  2,  and  a  minimum  of  about  10", 3  Nov.  10.     When  last 
observed,  Dec.  3,  the  star  had  increased  to  B^.S  ±  ;  I 
servations  number  twenty-five  in  all. 

7299  D  Cygni. 
UGygnihsM  been  observed  eighteen  times  from  Aug.  1" 

to   Dec.  •'!  ;    a  maximum  is  indicated  Sept.  n.      The  - 

lor  of  the  star  renders  estimates  of  magnitud 
difficult  and  uncertain,  and  none  have  been  atten 

7431  5  /'■  'phini. 
S  Delphini  has  been  watched  since  its  first  appearance  in 

my  tele-cope,  on  Aug.  22,  when  1  estimated  its  light  at 
11M.0±  :  it  passed  its  maximum  of  8".5±  Nov.  •_':'.:  it  is 
now  getting  too  low  in  the  west  for  useful  observation. 

7456  111!  Gygni. 
The  observations  of  RR  Cygni,  whose  results  have  been 
published  in  the  current  volume  of  this  Journal,  p.  17.  have 
been  continued  up  to  this  date.     After  the  phas  s 

tailed,  the  star  declined  to  about  9*.5  by  Oct.  8,  near  which 
magnitude  it  has  since  remained,  its  fluctuations  being  slight. 
At  the  last  observation  it  was  estimated  to  be  9  ".7.  It  is 
stilt  under  observation. 


I  take  this  opportunity  to  make  public  acknowledgment 
of  the  great  assistance  to  my  work  <>n  the  Variabli  - 
rendered  by  the  National  Academy  of  Sciences,  in  the  form 
of  a  grant  from  the  Bache  Fund  of  a  sum  of  money  sufficient 
to  build  a  small  observatory,  and  mount  my  telescope  in  a 
manner  suitable  for  my  work,  and  my  hearty  thank-  are  due 
to  the  Board  of  Direction  for  this  substantial  and  valuable 
help,  which  practically  doubles  m\    working  power. 

On  account  of  the  vexatious  delays  which  seem  to  be 
inseparable  from  any  Mich  undertaking,  the  work  is  not 
vet  entirely  finished ;  but  the  observatory  and  instrument 
are  in  shape  to  do  :ill  that  is  to  he  done  with  the  mean-  at 
hand. 

An  observatory  has  been  built,  consisting  of  a  small  two- 
story  frame  building,  surmounted  by  a  conical  revolving 
dome,  under  the  (enter  of  which  is  a  brick  pier  which  sup- 
ports the  telescope,  mounted  on  a  substantial  equatorial 
stand,  with  finding  circle-.  Various  eyepieces  and 
-oiio  have  al-o  been  added  to  this  instrument,  to  meet  the 
need-  of  the  work  for  which  it  is  intended. 

Although  not  at  the  time  finished,  observations  were  be- 
gun in  the  building  1891  April  2,  and  have  since  been  car- 
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ried  i>n  continuously.     Nearly  two  thousand  observations      li    ia  intended  to  keep  up  the  same  lines  of  work  In  the 


bave  been  made,  on  known  and  suspected  variable  stare 

i lifi  inc  rather  more  than  a  hundred  and  twenty  ;  and  more 

than  a  hundred  daily  counts  of  sun-spots  have  been  secured. 

Dorchester,  Muss.,  1891  December  18. 


future,  paving  especial  attention  to  new  and  suspected  vari- 
ables, and  the  minima  of  such  telescopic  stars  as  come  within 
the  grasp  of  mv  instrument. 


OBSERVATION  OF   THE   PERIODIC   COMET   OF   WOLF  (31891), 

Made  at  THE  U.S.  NAVAL  OBSERVATORY   WITH   THE  9.6-LNOH    EQUATORIAL, 

By  Prof.  E.  FBISBT. 

[Communicated  by  the  Superintendent.] 


1891  Washington  M.T. 

* 

No. 
Comp. 

e^'s  apparent 
a                         S 

log  pA 

for  a       1     for  6 

Dec.  5     10  10   16.8 

1 

20  ,  4 

+  4m53'.37 

+  7  2.3 

4  21   45.06 

—14  1    14.0 

n9.122 

0.842 

Mean  Place  for  1889.0  of  Comparison- Star. 


* 

a 

Red.  to 
app.  place 

8 

Red-  to       1                                                 i    a.      •• 
app.  place                                          Authority 

1 

4   16  48.51 

+  3"l8 

—14  8  27.5 

+  1 1 .2     1     Lalaude  8240 

The  I.ai.ande  position  was  reduced  directly,  and  the  star  afterwards  compared  with  Weissk  346  and  351,  whence  other  positions  were 
deduced;   the  results  are, 

h       III       s  o     '  » 

a  1891.0  —  4  16  48.45                                       i  1891.0  =  —14  8  22.7 

48.46  29.0 

48.59  28.3 
The  first  position,  being  a  direct  comparison  with  I.ai.andk,  has  been  given  '._,  weight. 


EPHEMERIS   OF    S  ANTLIAE. 


Observations  of  this  variable  are  now  highly  desirable. 
The  ephemeris  given  in  A.J.  228  (vol.X,  p.  94)  is  applicable 
for  the  present  season,  provided  it  be  borne  in  mind  that  the 
Greenwich  times,  given  in  the  last  column  of  the  table,  will 


correspond  during  the  present  season  until  1892  Feb.  28,  to 
dates  twenty-four  days  earlier  than  those  of  the  table.  From 
Feb.  29  on,  the  times  will  correspond  to  dates  twenty-three 
days  earlier. 


TRANSIT   OF   MERCURY,  1891  MAT 3. 


Professor  Schur,  of  Gottingeu,  requests  the  early  publication  of  any  yet  unpublished  observations  of  this  transit,  which  may  have 
been  made  in  America. 
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Observations  of  Variable  Stars  in  1891.  by  Mr.  Paul  S.  Ybndell. 
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The  following  formulas  for  computing  places  and  times  in 
eccentric  orbits  have  the  advantage  of  not  requiring,  except 
in  unusual  cases,  any  tables  except  Barker's  ami  the  ordinary 

trigonometrical  ones,  ami  would  seem  to  have  all  the  accu- 
racy and  convenience  that  can  be  desired. 

Tin-  equation  .  31  =  E  —  e  sin  E  can  of  course  be  written 
either  as  M=  (1— e)  siuE  +  (E—slnE) 

or  as  M=  (I— e)  E  +  e(E— sin  E  | . 

Also,  if  we  multiply  the  1ir>t  by  any  quantity  whatever, 
»)i.  and  the  second  by  1  — m.  and  add  the  results,  we  have 
M=  (1— e)  [m  sin  E+  (l—m)E] 

+  [m+(l— m)e]  {E—ainE) 
or  denoting.  })tsin£+(l — m)E  by  X 

and  m   -f-  (1  — 

Jf  =  (  1 —■).,•  +  f„(£— sin  £) 
m  A"     ,     m  E 


Now  we  have       x  =  E  ■ 


6      +    TS    -- 


and  Of  COnrae  a  development  can  therefore   be   made,  of   the 
form  E  =  x  +  ax        as5  & 


and  evidently  also, 
Furthermore 


a  =  + 


I'  E3 

«*»  E  =   g--  [go   &c" 


-c? 


• 


120 


&c. 


Now  it  will  be  couvenienl  to  give  m  Mich  a  value  that  the 

coefficient  of  ■•■   in  this  lasl  development  is  equal  to  zero, 

by  thi>  means  the  lowest  power  of  x  in  the  equation 

for  M,  m>t  reducible  to  the  form  of  Barker's  table,  will  be 

made  to  disappear.      This  value   is   easily  obtained,  since  we 

have  from  this  condition    a  =  ,'„ -;    and  we  already  know 

"( 
that     a  =       :     hence     Hi  =     ',,  . 
6 

We  have  then        as  sin  E 

This  function  is  the  one  adopted  by  Gauss  in  his  solution 
of  the  problem  :  but  it  is  here  used  in  a  Bomewbat  less 
plicated,  and  seemingly  not  less  convenient,  way. 

Adopting  the  value  of    m,     we  Gnd 


For  E —  sin  E.  we  have 

E  —  sin  E  =       (  E — x)  :     hence 
m 

E  —  sin£'=  j  x  —  ::      /  - 
We  have  then  for  M\ 

M  =  (1— e)  x  +  e,  [Jx»— ^ 
2(l-e) 


Now  making 

2  .1/   _  SB 

or  denoting 


=  e5  .     this  becomes 

.'•  2 

x 

by  r(  =  tan  ',  u>  i        we  have 


2M  . 

;  =  T    +     I  T     


Now        2.1/=-_'A7o      -      and     e,£: 


«  '  ,,',,  ■■   —  rsh>z  ■'"  ' —  n 


a-'  + 


14  (XI  t'+Tg  *-—?>" 

3_[2(l-e)]^ 

Hence  our  equation  may  be  written 

or,  if  we  use  the  original  form  of  Barker's  table, 

By  this  equation  io  can  be  found  and  the  slight  correction 
for  the  la>t  term  easily  applied.     This  correction  will 
always  be  so  small  that  the  quantity      1  —    \  ^    -\  i.      may 
be  taken  equal  to  unity. 

Iii  fact  we  have  for  the  correction  dto  to  be  applied  to  the 
first  value  of  is  taken  simply  from  the  equation 
.1/ 
dto  :  1/ 

or  expressing  it  in  seconds  of  arc 

dto  =  -J:>\    ■  a       - 

And  evidently  it  will  make  no  difference  in    dto    what  par- 
ticular form  of  Barker's  table  has  been  used. 
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We  find,  by  developing  according  to  powers  of  /•.'. 

/:,''■       i  /  l         ,,  /    &c. 

also  developing  in  the  same  powers 


Hence 


'.  /.' 


/-'   &c. 


i:  ~ 
tan  j  E  cos     \  E  i  I      ,  ,  j A"  &c.  | 


lenoting        I'  +p     by  « 

\     2e 


t  =  -  tan  i  v  cos"  .',  /•.'(  1 


fU^'&C) 


We  shall  also^find 

<•-'"  /•-■■     i-  ■    ■.  /•'    I    thiE'-vsljnE'&c. 
or  putting  for  E  its  dei  elopmenl  in  powers  of  x,  given  aboi  e, 

cos17' J  £  =  1—  W',,  n?  +  ,-„' c«&c. 


Now  denoting 


a     by     Bin 


cos1    I  i:  -  ,--'/(  i  +  rf00  ./  &c.) 
and  hence     cosvs  £  E  =  cosVa  ?( 1  +  6  „'„  „  ./  &c. ) 

Hence  r  =      tan  .]  <•  ms1'-  *(  l  -f  ,„  j  mii  v '  &c.  | 

or  tan  \  v  =  r,r  see*73  --( 1 —  i„,'„„  •>',:  &c.) 

For  r.  the  radius  vector,  we  have 
r  ■=  q  sec2  4  »  cos-  J  /.' 
=  q  sec"  £  r  cosl0/3?(  1  +2-T',nr  a6  &c.) 
By  means  of  these  rather  curious  formulas,  we  can  pass 
easily  from  tan  kv  to  t,  or  vice  versa  ;  and  hence  easily  ob- 
tain, with  greal  approximation,  the  time  from  the  anomaly, 
or  the  anomaly  and  radius  vector  from  the  time. 


>J20 


.•since       x  =  et,     we  have     sin  i 

l^£=  [9.7385606]  JilZf     may   be  denoted,   for 
venience,  by  f. 

,,l,en  =  J*>/T   =  J^   sin 


which  gives 


tan  i  u  =  t)  t  sec4/!c(l — ^  sin6  c  &c.) 

r  =  q  sec*  4,  »  cos10/3  ?(1  +11  sin6?  &c.) 


The  practical  formulas  for  computation  are  then  as  fol- 
lows. 

First  obtain  for  the  ellipse  in  question 

/  =  [9.7385C06]      '~e 

U   =    y/7tf**      for      M=    Vl   (r  +  ir3) 
(»=  [9.9601277]  ■N/^?~Vi     for     .1/"=  T.»c+),f:) 
e1  =  tan  (45— J  y)  =  [0.1109244]- 


[,      l"o  obtain  the  time  from  the  anomaly. 
Firsl  compute,  beside  the  constants  alreadv  given, 

,/49 


g  =   [0.4161 


Then  for  each  particular  place, 

tan  .'.  E  =  '•,  tan  .',  o 

tan 4, to  =  t  =  -  cos4    JJE  •  tan  J-«(l — ■ n        E    &c.) 
For  it'  take  out  If  from  Barker's  table. 


Then 


t=  E—g(l+tff   -  &c.)  " 


II.  To  obtain  the  anomaly  and  radius  vector  from  the 
time. 

Compute  first,  instead  of  g,     h  —  [4.1171446]  f* 
Then  for  the  particular  place, 

M  =  nt 

Take  out  w  corresponding  to   '/  from  the  table. 
Tin-  correction  to  u>,  (always  arithmetically  additive  if  w 
i-  taken  from  —180°  to  +180°.)  is 

(hi-  (in  seconds  of  arc)  =  hr'  sin4^  w\  1  4  ' ''  sins  -  &c  | 
sin?  =  ./V     (t  =  tan  j  w,  w  being  the  corrected  value.) 

tan  A  r  =  t/,  Mr";;(l-  ,'/•_-  miT:;  &c.) 

?•  =  9  sec-  A  r  cos1"7-  ?( 1  +  J ','  sin' ,-  &c.) 

The  factors  in  parenthesis  will  rarely  need  to  be  used. 
Very  small  tables  would  suffice  for  them.  In  the  following 
example,  that  of  Gacss,  we  will  neglect  them. 

For  this  we  have     log  q  =  '.».7)j.t6o00 

e  =  0.96764567 

Hence,  log  eu  =  9.9871660 

log/  =  s. 9999438 

log  r,  =  0.0028754 

log  n  =  0.3451080  (1st  formula.) 


Time  from  Place 
log      g       6.0713 

v  =  100°  0'  0" 
tan  A  v  0.0761865 
taui.E  9.18117:':; 
cos££       9.9949871 

1(")4/5       9.9931143 

r       0.0693008 
w      99°  6'  l.V'.or, 

63.54438 
n 

coir.        —00036 
t       63.54402 


II 
Place  from  Time 
log  A  0.1169 

t  =  63.54400 
to       99"  6'  U".32 
dm       +0".71 
t         0.0693007 
./?=siu,i         9.0692445 
sec  I         0.0030078 
-(•)V3        0.0068858 
tan$»         0.07C1865 
sec2^«         0.3S38650 
(cos--)",0/3        9.9899740 
q         9.7656500 
log  r        0.1394890 


It  will  be  seen  that  the  effect  of  the  factors  in  parenthesis 
is  usually  insignificant,  as  in  this  example.  The  discrepancy 
in  t  is  due  merely  to  the  unavoidable  errors  of  the  seventh 
place. 
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For  the  hyperbola,    the  formulas  are  Dearly  us  simple. 
Beginning  with 

e  tanF—  natlogtan(45    -  '  F)  =  *'('        — 

.iiul  treating  tins  in  the  saute  way  as  the  equation  for  the 
ellipse,  we  6nd  that  the  proper  value  for  a;  is  ,',,  tan  F+  ,';, 
Dal  log  tan(  15  '4  \  F  i. 

Developing  x  in  powers  of  F.  we  have 

.*-  —  -*     ^i;  u   '  '      l  j  ii  ip   y         '      :,  .14  .1 11   '  '      ;  1,  _■  -  fa  n  n   ■        *x»l>* 

which  gives 

F=x-l<  r-  1:i;1li,l,/^'. 

and  tan  F —  nat  log  tan(45°+  \  F  1 

—  ?;  •'"         js'""  ■'"     '      ...In..  •''    &c- 


Making  then 
ami 

and 


\,  =    i9,,  B  +  -,-',,  as   befOI  i' 

|2(6-1) 


We  have  now  to  pass  from  r  to  tan  \  u,  and  wice  r.,-M(,  as 
before. 

Developing  tan  .1  F  in  powers  of  F.  we  have,  dividing  by 
the  expression  for  .'•  above, 

2  tan   !   /■' 

*      =C08VsJ  F[l  —  /,  F1  —  ,■.;,;,;„  F':&c] 

and  developing  tan  l  /■"  in  powers  of  x, 

Now  making     tan  ?  =      —  .'■.      we  find 

cos '    -:=  (I  -t-,;,  .i--)    v/;  =  1  —  ,!„.)•-  +   „'„*'  —  ,.,' -i:  &c. 

2  tan  .',  /•' 


Hence 


COS<   '?[!+  ,„';.,.,  ■'''    &C. 


But  tan  .'.  v  =  LtitaniF:  hence,  making  b  =  l+'' 
as  before  ^ 

tan  I  v=  /,r  cos4    l  /•'[  l—  ,'„  F4—  ,.;,;,;„  F'&c] 

=  r,T  COSv«*[l  +   ,,,!„„   .      & 

The  firs)  formula,  however,  is  objectionable  on  account  of 
its  involving  the  fourth  power  of  /•'.  We  shall  obtain  a  bet- 
ter one  by  developing,  first,  Fin  terms  of  ■-'  tan  ;.  /■'.  which 
we  will  denote  by  /,  so  that  F  =  2  tan  :   './:  this  gives 

F  =  /-tW+  fof'—ihf  *c. 
They  developing  x  in  powers  of  /  by  means  of  this,  wc 
ba\  e 

x  -  1  . /''  +  ,1,..'"  &c. 

But      /(l_i/»)-V3=/+    )V/:+    ):u/.    4-   ^f&c. 

whence  f  =  (1— j  f')w(l-ni /"  &c.) 


Now  if  we  make     1/  =  sin  }  F.  .     or     tan  !.  F  =  - 
this  becomes 


2  tan  J  F 


1 


=  cos"  J  F,.n-,, 


in  which 


Hence     t  —     tan         -  /•',  ( 1  +  ,  ,  J  „  ,  /•' ..vc.) 

sin  .'.F0  =     l^-1    tun  I  r 
\ 
It  remains  to  obtain  a  formula  for  the  radius  vector. 

Q  COS         / 

We  have     r  cos!  ',  •  v  =  —       ,.     =  '/['•+  '■  secF] 

COS  /  il»       a  J 

Now       secF=  1  4-  1  F-  +  ,\  /      • 

Hence     \  +  .V  secF=  1  +  }  .r  +  ,'„  x*  —  ,,'„„  x1'  &c. 

But  sec1(V*£=  (1+.;,.--)''—  1   • 

Hence         7-  cos2 1 :  v  =  q  see1  '  -r(  1  — 


The  constants  t<>  be  prepared  for  computation  are  just  the 

same  as  for  the   ellipse,  except   that  in  /  we  have  e  —  1    in- 
stead of  1  —  e. 

f 
The  quantity  e,  is  still  [0.1109244]  ' 

I.  To  obtain  the  time  from  the  anomaly. 

sin  \  /■',  =  «',  tan  \  0 
tan  .'.  w  =  t  =      tan  \  v  s<  I   ,  ; '  ,     F    & 

For   w  take  out    .1/  from  the  table, 

t=—  —  g(l- 

n 

II.  To  obtain  the  anomaly  and  radius  vector  from  the 
time, 

.1/  =  (1/ 

Take  out  w  corresponding  to  M  from  the  table. 
The  correction  to  10,  additive  as  before,  is 

dv>  =  li  t    sin'  l  w{  1  —  [."   Ian    £ 

tan  --  =fr 

tan  ',  v  z=  ,j  eos1    f{  1  +  ,',;.  tans|  &( 

)•  =  7  sec*  1(1 —  ^  tan'i  S 

The  correspondence  of  these  formulas  with  those  for  the 
ellipse  i>  manifest;  the  principal  change  i>  that  we  have 
t:in|=/'T,      instead  of    >in."   ;     and  —  c,  tan  I  r 

instead  of     tan  \  F  . 


For  the  example  in  this  case  we  will  take  the  Becond  one 
i  93.     For  the  constants  we  have. 

log  /  ;      0.0201 

e  =   1.26    - 

Hence,  log  1  U08 

log/=     9.4011 

log  1.  :  -  9.9807645 

=  0.0157 
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Time  from  Place. 
logg         8.0075 
u  =  67°8'  0".00 


tan  '.  '• 

sin  \  /•;, 
secJ  /' 


C'«) 


I .-. 


\i>n  factor 


M 


9.821 1946 
9.8580125 
0.0113254 

0.0282958 


9.8491907 
70°  31'  46".18 


65.41826 

—00090 
65.41236 


Place 
log  h 

tz 

w 

ihr 

T 

ft  =  ta.n  S 

sec  -r 

ij(cobS)v> 

log  factor 
tan  |  v 

(±w :-)""' 

secs  \  v 

factor 

log  q 
log  r 


II 

from  Time. 
1.7238 
65.41236 
To   81'  l  1".08 
+  2".08 
9.8494907 
9.2511487 
0.0067957 
9.9717036 
4 
9.8211947 
0.0226523 
0.1580378 
—17 
0.0201657 
0.2008541 


The  factors,  even  for  this  unusual  value  of  s,  differ  very 
little  from  unity.  In  case  tbej  liave  to  be  computed,  the 
easiest  way  would  be  to  first  obtain  [6.5197]  (J  Bor  j  /'  )' 
or  [7.1852]  (sin  or  tanf)8;  this  is  the  logarithm  of 


1  + 


(Jg  or  Fu)e 

8-1000 


or  of  l  4-  .,;.'-. -,;:  and  must  be  multiplied  by  6  In  the 
formulae  in  which  E  or  /•'.  are  used,  and  by  8  and  .'35  re- 
spectively  in  those  in  which  f  is  used;  regard  being  of 
course  taken  of  the  sign. 

The  formula        r—q  sec2  A  v  sec"  \  /■'. 

may  be  noted,  as  convenient  for  computing  r  from  v  iu  the 
hyperbola;  it  is  easily  obtained  from  the  expression 

r  =  q  sec7  \  v  cos2  A  F  sec  F 
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THE    PERIODIC    AND 
THE    LATITUDE, 

By  GEOKGE  C.  COMSTOCK. 
I  have  published  in  the  American  Journal  of  Science  for 
December,  1891,  a  discussion  of  the  data  furnished  by  ob- 
servations at  Pulkowa,  Koenigsberg,  Washington  and  Madi- 
son, from  which  there  appears  to  result  a  progressive  motion 
of  the  terrestrial  pole  whose  effect  upon  the  latitudes  of 
these  observatories  is  represented  by  the  expression 

v  =  v0  +  0".044  cos(;.— 69°)(«— 10) 
in  which  the  longitudes,  ).,  are  reckoned  from  the  meridian 
of  Greenwich,  and  the  unit  of  t  is  a  year.  I  do  not  wish 
at  present  to  advance  any  hypothesis  iu  regard  to  the  cause 
of  this  secular  chauge  of  latitudes,  but  rather  to  treat  it  as  a 
phenomenon,  which,  though  still  requiring  confirmation  or 
disproof,  has  been  empirically  placed  upon  such  a  basis  that 
its  existence  may  be  legitimately  assumed  as  a  working 
hypothesis,  and  its  relation  to  other  phenomena  discussed 
from  this  standpoint. 

The  first  point  to  which  I  wish  to  call  attention,  is  that 
the  existence  of  a  secular  term  in  the  latitudes  will  neces- 
sarily produce  a  periodic  term  also,  for  by  virtue  of  its  pro- 
gressive motion  the  instantaneous  axis  of  rotation  of  the 
earth  is  moved  away  from  that  principal  axis  of  inertia  which 
is  usually  designated  by  the  letter  C.  The  forces  developed 
through  the  separation  of  these  axes  will  tend  to  readjust 
the  figure  of  the  earth  so  as  to  bring  these  axes  again  into 
coincidence  ;  but  this  readjustment  can  not  be  instantaneous, 
and  the  axis  of  figure  will  lag  behind  the  axis  of  rotation  by 
an  amount  depending  in  great  part  upon  the  modulus  of  the 
earth's  rigidity,  thus  producing. the  theoretical  periodic  mo- 
tion of  the  pole  which  is  associated  with  Euler's  name. 

Professor  Newcomb  has  indicated  (A.J.  uo.  251)  that  the 
imperfect  rigidity  of  the  earth  may  produce  a  very  appreci- 
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able  lengthening  of  this  period,  and  he  is  inclined  to  attribute 
to  this  cause  alone  the  total  excess  of  the  period  found  by  Mr. 
Chandler  over  the  value  306  days,  which  would  obtain  in  a 
rigid  earth.  But  since  we  are  constrained  to  regard  the 
rigidity  of  the  earth  as  practically  constant,  for  short  periods 
of  time  at  least,  the  supposition  of  an  imperfect  rigidity 
affords  uo  explanation  of  the  anomalous  variations  in  the 
amplitude  and  period  of  the  Chandler  inequality,  both  of 
which,  however,  can  be  accounted  for  by  combining  with 
this  cause  a  secular  change  in  the  position  of  the  pole. 

My  investigation  of  the  numerical  elements  which  de- 
termine the  amount  and  direction  of  the  motion  of  the  pole 
has  been  based  upon  the  assumption  that  this  motion  can  be 
represented  as  a  linear  function  of  the  time,  but  this  assump- 
tion is  obviously  a  mere  analytical  device,  which  can  make  no 
claim  to  objective  reality.  In  the  absence  of  a  theoretical 
expression  for  this  variation  the  analogy  furnished  by  the 
precession  and  nutation  would  indicate  a  form  involving  both 
powers  and  circular  functions  of  the  time,  and  I  therefore 
assume  for  my  present  purpose  that  the  spherical  coordinates 
of  the  movable  pole  at  any  instant  t  may  be  expressed  in 
the  form 

5  =  Ojt  +  b^-  +  c  siu(T?ft+  C)  +  etc. 

;;  =  fl,r  +  b2r  +  C  COS(Tm  +■  0)  +  etc. 

where  the  position  of  the  pole  at  the  instant  t0  is  assumed  as 
origin,  and  r  =  t  — t0.  The  effect  of  the  motion,  represented 
by  these  coordinates,  upon  the  latitude  of  a  place  whose  longi- 
tude is  /  will  be 

<s  —  p0  =  £  cos  I  +  r,  sin  i. 
aud  the  complete  expression  for  the  variation  of  the  latitude 
will  be  obtained  by  adding  to  these  terms  a  term  represent- 
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ing  the  Eclee  inequality.     We  thus  obtain  after  the  proper 
ntions  are  made, 

<?  —  p0+  ut  +  fir- '  +  c  ^\u(Tm+G+).)  +  e  s\n(Tn  +  E+).), 
in  which  the  significance  of  the  coefficients  a  and  (3  is  obvi- 
ous. 

In  so  far  as  its  periodic  terms  are  concerned,  this  equation 
is  of  the  form  discussed  by  Helmert  (Astr.  Nachr,  no. 3014), 
and  whose  graphical  representation  for  certain  assumed 
values  of  the  constants  is  there  given.  An  inspection  of 
curves  will  show  the  following  peculiarities,  which  arc 
in  -hiking  conformity  with  the  empirical  results  of  Mr. 
Chandler's  investigation  given  in  no.  251  of  this  Journal  : 

(a).  The  sum  of  the  terms  gives  a  longer  period  than 
would  result  from  the  term  in  c  taken  alone. 

(6).  The  periods  are  of  unequal  length,  in  the  particular 
cases  treated  ranging  from  eleven  to  fifteen  months. 

(c).  The  amplitude  of  the  variation  is  different  in  differ- 
ent periods,  aud  a  large  value  of  the  coefficient  is  associated 
with  the  shorter  periods  and  small  values  with  the  longer 
ones. 

It  is  further  obvious  from  an  inspection  of  the  terms  in 
<•  and  e  that,  if  m  and  n  are  not  very  unequal,  there  will  lie 
considerable  intervals  of  time  within  which  the  terms  will 
have  opposite  signs,  and  will  thus  tend  to  efface  the  periodic 
variation. 

All  of  the  characteristic  features  of  the  periodic  term  de- 

Washburn  Observatory,  1892  January. 


tected  by  .Mr.  Chandler  seem  to  admit  of  ezplai 
through  an  assumed  nutation  in  the  secular  motion  of  the 
pole.  To  sum  the  whole  matter  in  a  few  won  - 
lar  variation  in  the  position  of  the  pole  will  produce  a  peri- 
odic variation  of  latitudes.  If  the  secular  variation  is  a 
uniform  motion  along  a  great  circle,  the  periodic  term  will 
he  of  constant  amplitude  and  length,  hut  if  the  secular  vari- 
ation itself  contains  periodic-  terms  tiny  will  manifest  their 
presence  through  irregularities  in  the  periodic  terms  of  the 
latitude. 

In  the  absence  of  a  theoretical  cause  for  the  secular  vari- 
ation the  considerations  here  presented  cannot  serve 
explanation  of  the  periodic  inequalities  in  question,  and  my 
purpose  in  presenting  them  is  primarily  to  call  attention  to 
the  close  relation  which  exists  between  the  two  clas 
variation    in   the   latitude,   and   to   emphasize   the   probable 
futility  of  investigations  which  arc  confined  to  either  one. 
The  data  which  seem  to  be  most  needed  at  the  present  time 
must  be  afforded  by  a  determination,  by  differential  m 
of  the  secular  change  in  the  latitude.     An  outline  of  such 
methods  has  been  suggested  both  by  l'i  no  OLA  and  by 
in  the  article  abov  e  cited,  and  in  view  of  the  probable  magni- 
tude of  the  secular  term,  observations  at  properly  s< 
parts  of  the  earth's  surface  would  in  a  very  few  year-  furnish 
a    much   better  determination    of    this  element   than   can   be 
derived  from  all  existing  data. 


ON   A  NEW    VARIABLE    IX    VULPECi  LA. 

20'.  28'"  23\7,     +27°  30'.0    (1855.0), 
By  PAUL  s.  YKNDKi.i.. 


From  my  observations  since  June,  1888,  the  star  F.  82 
Vulpeculae  (=  DM.  27°3911)  appears  to  be  a  variable  of 
the  irregular  type. 

I  was  led  to  suspect  this  fact  from  the  reduction  of  my 
\  ations  of  T  Vuljieculae,  for  which  it  has  been  used  as 
a  comparison-star  (.1../.  vol.  VII,  p.  2),  the  comparisons 
I'd  the  season  of  1888  exhibiting  a  marked  discordance.  For 
this  reason,  it  was  practically  discarded  during  the  season 
of  1889,  the  few  observations  in  which  it  was  used  being 

apparently  rather  t -committal.     En  the  autumn  of  1890  a 

few  observations  were  made,  with  a  view  to  the  further  eluci- 
dation of  the  question  ;  but  other  more  pressing  work  inter- 
vening, the  matter  was  not  at  that  time  followed  up. 

While  observing  T  Vulpeculae,  1891  Sept.  2*8,  the  faint- 
oess  of  F.  82  attracted  my  attention,  and  I  began  a  series  of 
comparisons  for  the  purpose  of  definitely  settling  the  ques- 
tion of  the  star's  variability.  A  very  marked  increase  in 
brightness  was  soon  evident,  and  the  star  has  been  followed 
up  to  the   I'.'th  insl.,  the  last    oei'asi up  to  this  date,  when 

observation  has  been  possible.     The  resnlt  of  these  o 

Vations    appears    to    place    the    fact    of    the    star's    variability 

beyond  a  doubt. 

I  Bud  this  ~t:u    included   in    Dr.  CHANDLER'S   collection   of 


ted  variables,  H.C.O.,  vol.  XIV,  p.  70,  as  havi 
mentioned  by  GiLLiss  as  previously  recorded  between  i*..~> 
and  ov.6. 

Its  magnitude  is  given  by  various  authorities, 
D.M..  5".3  ;   Uranomet  ■'■ ;  Heis,  5-6;  <  nvso- 

i.kk  (loc.cU.)  .'".-.'7:    Harvard  Photometry,  5M.  11 ;    V 
Meridian  Observations,  b". I  ;  Yarn  all,  t 
Catalogue,  4M,5. 

The  limits  of  variation  observed  by  me  are  from  ; 
6*.45,  but  I  have  not  been  able  to  reconcile  the  fluctuations 
with  any  regular  period,  as  the  star  apparently  remains  at 
times   very  nearly  constant,  at    its   maximum   brightness 
considerable   periods,  while   the  changes   at  other   tin 
marked- and  abrupt. 

The  comparison-stars  used  are  some  of  the  same 
nated  by  Chandler    in   his   paper  on    TV 
quoted.    For  convenience  of  comparison,  I  append  the  list  of 

th employed,  vvith  his  magnitude  and  my  own  light-! 

i .  Hag. 

b        9.3        5.7 

i.n        6.17 
/'        0.0 
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II,,'  followiug  table  givea  the  observed  light-values  by  this 
Bcale,  together  %%  i 1 1 1  the  magnitudes  therefrom  deduced. 


July 


i.. 
[888 June    1. 1     11.6 

.".I      li.i 

12..". 

15.8 
15.8 
15.8 
15  8 
15.8 
i..  3 
i.-..;; 
16.8 
1  1.8 
15.3 
l  1.8 
12.3 
14.3 
1  1.3 
11.25  14.3 
20.24    1  1.3 


9  1 
18  I 
18  I 
.1 
10.4 
1  I.I 
28. 1 

Aug.  1  l.l 
23.3 

Sept.  5.3 
10.5 


Mag. 
5.40 
5.47 
5.88 


Oct. 


STov. 


11.3 
20.3 
24.8 


90 
90 
95 

95* 

95 

02 

95" 

07* 

32 

07 

07 

07* 

07 


b.  -.'•">. 7 
Mn\  26.4 
Sep.  2  7.3 
Oct.  1.8 
Nov.  1  l.:: 
28.37 

1890  Aug.   2.36 
Nov.   •"■.! 

1.1 

5.4 

6.29 

7.37 

10.86 

14.29 

16.33 

Dec.    !.:; 

1.25 

7.3 

1891  Sep.  _':*.  .:5  7 


i.. 

1  I.:; 
1  1.8 
18.3 
18.8 
11.:; 
11.:; 
18.8 

.•,.'.1 

I.:; 

5.3 

:;.:i 

5.9 

l.l 

I.:; 

3.9 

5.6 

l.l 

5.15 

4.9 


Mag. 
5.07 
5.07 
5.19 

5.4  l 

...I  I 
5.19 
0.07 
6.25 
G.17 
6.32 
6.07 
6.26 
6.?7 

(',.  I  I 
6.26 
6.18 
6.22 


1891  Sep.  24.85 
25.36 


1..        Mag. 

9.55  5.70 
2.9     6.45 


5.9 
12.8 


Oct. 


26.86 
27.81 

•_>.s.-_".i   13.8 

80.8  11.8 
l.:;:;  12.:; 
8.82  10.8 
5.36  ■ 
8.32  11.8 
9.32   1 1  .8 

2IL27    10.;; 

21.32 

25.32 

28.84 

29.84 

Nov.    1.33 

:;.:;;; 

4.88 


in.:; 
6.8 
7.3 
6.8 
6.8 
6.3 
I  :; 


6.07 
5.82 
5.19 

5.4  I 
5.32 
5.50 
5.94 

.VI  I 

.VII 

.-...",7* 

5.57 

6.01 

5.94 

6.07 

6.01 

6.07 

6.32 


1*91  Nov.  6.80 
l.V2:i 
18.81 
19.82 
20.81 
24.25 
25.36 
27.:;2 
30.32 
1 .31 
2.81 
3.31 
5.23 
8.31 
lo.;; 
13.26 
16.32 
18.26 
19.29 


Dec 


1. 

.",.0 
8.3 
9.3 

10.8 
7..") 
8.6 
5.8 
5.8 
6.6 
8.6 
9.3 

in.:; 

10.8 
8.3 

11.3 
9.3 

11.3 
7.3 


Mag, 

6  88 
6.20 
5.80 

5.50 
5.91 
5.66 

6.10 
6.10 
6.02 

.". .  7  ."1 
5.68 
5.56 
5.50 

5.44* 
5.68 
5.44 
5.94 


The  mark*,  appended  t"  an  observation,  indicates  t lit-  presence 
of  sufficient  moonlight  to  have  a  possible  effect  upon  the  compari- 
son. 


Dorchester,  Mass.,  1891  Decemh<  r  25. 


OBSERVATIONS  OF   Till-:    PERIODIC   COMET   OF   WOLF'S  (b  1891), 

HADE     U     llli:    U.S.   XAVAI.    OBSERVATORY    WITH    TUB    9.6-INCH    EQUATORIAL, 

By  Prof  E.  FEISBY. 
[Communicated  by  the  Superintendent.] 


Washingtou  M.T.          * 

No. 

Comp. 

Ja 

-* 

jS 

o/'s  apparent 
a                         8 

log  PA 
for  a       |     ford 

Dec.  31     9'58"'4o!o 
:i  58   15.0 

1 
2 

4  ,  13 
4  ,  13 

—4'"  2l".  2  4 
—4  27.72 

+  0  26.4 
+  0  24.6 

4  14  25.92 
4  14  25.76 

—  1  1    15  36.6 
—14  15  33.2 

n8.718 

0.848 

Mean  Places  for  1S91.0  of  Comparison- Stars. 

* 

a 

lied,  to 
app.  place 

8 

Red.  i" 
app.  place 

Authority 

1 
2 

1    is   43.93 
4  18  50.25 

+3!23          —14°  16  9".5 
+3.23     1      —14   16  4.3 

+  6.5 
+  6.5 

Weisse's  Bessel,  IV  3 IT. 
IV  351 

THE   BIELA  METEORS. 

By  EDWIN   F.    SAWYER. 


IS'.H. 


Although  a  repetition  of  the  remarkable  meteor  showers 
.  27,  1872  and  1885  can  hardly  be  looked  for  until 
1898,  still  a  possibility  that  a  few  straggling  members  of 
this  stream  might  be  recorded  this  year  on  the  date  of  the 
nodal  passage  of  the  earth  aud  comets'  orbits,  caused  short 
watches  to  be  taken  ou  the  evenings  of  Nov.  25  and  27,  the 


26th  and  28th  being  overcast.  During  an  hour's  watch,  ou 
the  evenings  mentioned  above,  only  six  meteors  were  ob- 
served,  the  paths  of  four  being  accurately  noted. 

Of  the  six  observed,  two  were  in  all  probability  members 
of  the  Biela  stream. 

AtS1'  40'"  Boston  M.T.  on  Nov.  25,  a  slow-moving,  orange- 


N"  252. 


THE     A  ST  BO  NOM  I  <    A  I.     J  01    R  N  A  I.. 


colored  meteor  of  the  second  magnitude  crossed  the  square  in 
Pegcmts,  from  R.A.  359°  +  21°  to  353°+  16°,  and  visible 
Dearly  one  second.  On  the  27th,  at  G'1  -10'",  another  slow- 
moving  meteor,  also  of  the  second  magnitude,  passed  from 
R.A.  lii°  +  7°  to  11°  —  1°.  The  paths  of  both  these  me- 
teors traced  backwards,  passed  very  near  v Andromeda. 


The  paths  of  the  other  m  .  were  from 

R.A.  25°  +  15°  to  28°  +  11°,  second  magnitudi 
aud  from  R.A.  5°  +  33°  to   1°  +  35°,  fourth  magnitude,  at 
8h  55m.     Both   these   meteors   were  also  slow  moving,  but 
from  the  direction  of  5  Andromeda. 

BriglUon,  189]   Xovember  30. 


SUX-SPOT  OBSEEVATK  >NS, 

MADE    AT   THE   IIAVERF0RD   COLLEGE   OBSERVATORY     Willi   THE   8-INCH    EQUATORIAL, 

By  Wm.  II.  COLLINS. 

(Communicated  by   Prof.  I.i:a\  r.NWORTH,    Director 


1891 

Time 

Grs 

Sps. 

I:      Dei',  and  Size 
i  irs 

IV.  H 

Time 

(irs 

Sps.  '•:" 

Def.  and  Size 

Time 

Grs 

Def.ai     S 

July     1 

4 

8 

S6 

0     fair 

Aug.  28 

11 

'-' 

7 

1 

fail- 

(let.    29 

2 

3 

•J  7 

:; 

faii- 

3 

3 

6 

38 

4      fair  ;  5  lar. 

29 

9 

1 

6 

0 

poor  ;  1  lar. 

30 

9 

:; 

13 

L' 

poor 

4 
5 
6 

8 
8 
8 

3 

7 
6 

21 
50 
62 

2      fair;  2  lar. 
1      fair;  2  lar. 
L>      fail-;  1  lar. 

Sept.      1 
■> 

11 
9 
9 

3 
4 

5 

44 
59 

Co 

0 

1 
1 

fail- 
good  :  1  lar. 
fair  :  1  lar. 

31 

Nov.     1 
2 

11 
2 
9 

1 

5 

■1 

J  J 

30 

:;i 

•J 

3 
2 

faii- 
fair 

fail- 

7 
9 
10 
11 
12 
13 
11 
15 
16 

8 
8 
9 
9 
9 

6 

8 
9 

5  7 
62 
129 
69 
99 

CO 

83 

is 
35 

2  fair  ;  ."',  lar. 
-1      lair  ;  4  lar. 
5      fair;   i  lar. 
1       fair  ;  5  lar. 

3  fair;  7  lar. 

4 

5 
6 

9 

3 

11 

5 
4 
6 

5  s 
56 
7."i 

o 
n 
0 

poor 

bad 

bad 

3 

1 
6 

9 

10 
10 

1 

1 
-J 

L'l 

■J  6 
29 

2 

1 

o 

fair 
pooi- 
fair 

i 

8 
8 

7 
7 
5 

7 
9 

10 

in 

6 

7 

106 

17 

0 

o 

bad 

fair  ;  .'!  lar. 

7 
8 

9 

10 

•J 

3 

22 
29 

3 

poor 

7 
11 
8 

1  1 

0 
1 
1 
1 

uau 

poor  ;  I  lar. 
poor  ;  5  lar. 
bail  ;  5  lar. 

10 
11 
12 
13 

10 

in 
in 
in 

7 
-1 
5 

i; 

15 
4 
8 

26 

o 

1 
o 

0 

fair  :  1  lar. 

| r  :   1  lar. 

poor  :    1   lar. 
fair:  3  lar. 

9 
11 
12 
13 

11 

1 
11 

9 

1 
3 

-1 
•J 

15 
16 

7 

1 
1 
1 
2 

faii- 
good  :  1  lar. 
fail- 

17 
19 
21 
22 
23 
24 
25 
26 
27 
29 
31 

Aug.    1 
1' 
3 
4 
6 

8 
9 
8 
8 

10 
1 
9 
9 
9 
3 

10 

9 
9 
10 
2 
9 

5 
6 
4 
6 
6 
6 
5 
1 

;i 

i 

2 

3 

•J 
3 
5 
6 

• »  2 

28 
42 
45 
25 

1 

1 
1 

1 i- ;  5  lar. 

bad 

fair  ;  1  lar. 
fair:   1  lar. 
bad 
bad    ' 
poor 
pom- 
bad 
poor 
pool- 
poor  ;   1  lar. 
bad  :  1  lar. 
bad  ;    1  lar. 
pooi- 
fair  ;  3  lar. 

11 
15 
16 

9 

9 

in 

i 
i 
3 

26 

in 
64 

1 

II 
'1 

fair  ;   1   lar. 
fan;  1  lar. 
fair  ;  1   lar. 

11 

15 
is 

10 

in 

in 

3 

•2 
1 

1  1       J 

7       1 

19      0 

fair 
pooi- 
fair 

1 
1 

•_» 

."> 

II 
•1 

1 
1 

: 

0 
0 

1 

17 

9 

3 

41 

o 

poor  :   J  lar. 

19 

11 

5 

52      1 

i  :  1  lar 

11 
11 
12 
9 
16 
1  1 

1  1 
6 

9 

LV. 

26 

18 

19 
I'll 
21 
2  ■_' 
23 
24 
•-'5 

26 

27 
28 

L".l 

11 
9 

9 

10 

10 

9 

9 

10 
10 
12 
11 

9 

3 

4 
5 
6 
4 
2 
2 
2 
2 
3 
1 
3 

60 
52 
1  1 
37 
29 
12 
15 
20 
25 
23 
40 
9 

0 

•J 

.". 
1 
•J 

J 

0 

■2 

1 

2 

1 

fair  ;  J  lar. 
fair  :  2  lar. 
poor 

poor 

poor  :    1   lar. 
poor  :   1  lar. 
poor  ;   1  lar. 
poor  :   J  lar. 
fair;  1  lar. 
fair  ;  1  lar. 
fail- 
bad  ;  ■">  lar. 

•J  n 

L'l 
L'l 

25 

L'7 

80 

Dec.    1 
2 

6 

s 

in 
& 

2 
1 

lo 

12 

10 
10 
10 

10 

lo 
11 

5 
5 
5 

-1 
1 
3 

3 
3 

•J 
1 

.". 
2 

63 

79 
59 
18 

is 

1 1 

16 

11 
•_> 

9 
15 
15 

o 

1 
1 

|| 
0 

n 
n 
o 

o 
1 
■_> 

fair  :  5  lar. 
:  1  lar 

.   1  lar. 

.  ■">  lar. 
fair:  1   lar. 
bad 

poor 

bad 
bad 
bad 

bad 
fail- 

7 

10 

5 

27 

1 

fair;  :1  lar. 

Oct.     5 

4 

6 

36 

1 

pool- 

;i 

11 

3 

3 

o 

bad 

8 

2 

5 

13 

■J 

Pair :   1  lar. 

9 

9 

7 

:,:• 

J 

poor  :   :!  lar. 

lo 

1 

■J 

4 

1 

bad 

10 

8 

5 

9 

2 

fair  ;   1   lar. 

1  1 

1 

4 

22 

•_> 

pool- 

11 

9 

2 

•J 

0 

fail- 

11 

9 

1 

18 

1 

fair  ;  2  lar. 

18 

1 

7 

19 

•_> 

bad 

12 

•_> 

■J 

4 

o 

poor 

12 

9 

4 

5 

•J 

fair  ;  •_'  lar. 

l  l 

•_> 

4 

9 

1 

pooi- 

13 

10 

■> 

4 

1 

faii- 

13 

9 

1 

9 

1 

good  ;  2  lar. 

15 

IJ 

4 

'.' 

0 

poor 

16 

10 

:; 

19 

1 

poor 

14 

8 

;; 

6 

1 

2  lar. 

16 

10 

5 

23 

1 

fail- 

17 

10 

3 

17 

II 

J  lar. 

15 

8 

6 

17 

1 

fair  :  2  lar. 

17 

12 

:: 

16 

1 

bad 

is 

10 

3 

]L> 

1 

poor  :  ::  lar. 

16 

9 

1 

13 

0 

fair;  2  lar. 

I'll 

2 

2 

21 

5 

pooi- 

19 

9 

•J 

\2 

II 

3  lar. 

17 

11 

•_> 

1 

1 

bad 

L'l 

9 

•J 

1  1 

2 

fair 

21 

11 

l 

37 

0 

poor  :    1  lar. 

1!) 

2 

0 

0 

1 

bad 

28 

11 

1 

is 

■_> 

poor 

■2-2 

12 

1 

0 

poor  :    1   lar. 

20 

11 

0 

0 

0 

fair 

L'l 

in 

1 

1  I 

1 

fail- 

28 

12 

i 

64 

" 

fail- 

21 

1 

1 

8 

2 

1 • 

25 

9 

4 

5 

1 

fair 

28 

11 

3 

fair  :  2  lar. 

22 

9 

:; 

16 

2 

good 

26 

ll' 

2 

17 

1 

fail- 

29 

10 

5 

16 

o 

bad 

23 

12 

1 

8 

0 

fail- 

L'7 

ll' 

3 

■jo 

o 

fan- 

10 

7 

17 

8 

pooi- 

27 

2 

1 

4 

1 

fail- 

•J.N 

10 

3 

13 

J 

poor 

31  I 

10 

7 

54  |  2  | 

fair;  1  lar. 
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Two  small  planets,  photographically  discovered  a(  Heidelberg,  Dec.  22,  have  been  observed  at  Vienna,  as  follows 


1891  Dec.  31.8550  Greenw.  M.T.      a 
1891  Dec.  ".I  aw.  M.T.      a 

This  is  probablj  no.  2' 


i  .2,     3  ■  -I    50' 22".     Daily  motion,  — 84*  in  a,  and  19'  northward. 

6    IS"  18'.2,    8  =  +18038'28".      Daily  motion, —60  in  a,  and  2' northward. 


< . i :< >i;< ; i :  ijtddell  Aim. 


The  telegraphic  Gable  has  brought  news  of  the  death  of  Sir  George 
Airy,  at  the  advanced  age  "i'.'1"'.'  years. 

Id-  was  born,  180J  July  27,  ai  Alnwick,  a  market  town  In  the  ex- 
treme north  of  England;  graduated  at  the  University  of  Cambridge 
in  I1-:1:;:  became  Professor  there  in  1826,  and  Director  of  the  Ob- 

n  in  L826      !■  i    15  he  was  appointed  Astr r  Royal,  as 

successor  to  Pond,  and  he  continued  in  that  position  until  his  resig- 
nation in  1881,  after  forty-six  years  of  assiduous  service 

ii  w  ■  Mil. I  be  superfluous  to  tell  astronomers  of  Amy's  services  to 
or  of  the  predominant  influence  in  astronomical  affairs 
which  he  exerted  in  his  own  country  during  more  than  half  a  cen- 
tury. To  him,  more  than  to  all  others,  have  been  due  the  develop- 
ment and  tendency  of  practical  astronomy  there.  The  especial 
characteristics  of  English  instruments  and  methods  of  observa- 
tions, the  training  of  the  majority  of  English  observers,  —  the 
organization  of  almost  all  the  national  expeditions  for  astronomical 
purposes, — all  were  strongly  imbued  with  his  personality.  II is, 
too,  was  the  steady  and  inflexible  resolve  with  which  the  chief 
energies  of  the  Greenwich  Observatory  have  been  constantly 
directed  to  determining  positions  of  the  sun,  moon,  planets  and 
principal  fixed  stars,  as  the  primary  object  of  the  institution. 

The  high  mathematical  ability  which  marked  him  as  preeminent, 
even  while  an  undergraduate,  has  been  always  manifest  in  his 
works.  This,  combined  with  a  strong  taste  for  engineering  and 
for  mechanical  problems,  gave  to  English  astronomical  instruments 
of  the  last  fifty  years  their  well-known  characteristics. 

No  recapitulation  of  Amy's  many  and  important  researches  i-, 
called  for  here.  His  discovery  of  astigmatism  and  its  remedy  dates 
from  the  time  of  his  scholarship  at  Trinity  College;  his  discovery 
of  the  inequality  of  long  period,  in  the  motions  of  the  Earth  and 
Venus,  was  made,  and  his  well-known  "Mathematical  Tracts" 
written,  while  he  was  in  charge  of  the  Cambridge  Observatory.  In 
1839,    he    devised  the  method  of  correcting   the  deviation  of  the 

1892  January  C. 


compass  in  iron  ships.  His  construction  of  the  double-image 
micrometer  eye-piece,  his  memoirs  on  the  lunar  theory,  his  masterly 
treatise  on  'Tides  and  Waves,'  would  have  secured  for  him  a 
conspicuous  place  in  the  history  of  science,  —  apart  from  the  princi- 
pal work  of  his  life  in  reorganizing  ami  directing  the  Greenwich 

Observatory,  and  the  preparation  of  the  numerous  planetary  and 
lunar  reductions,  and  of  the  scries  of  catalogues  of  stellar  po- 
sitions. 

Few  astl ners  have  infused  their  own   individuality  so  thor- 
oughly into  all  their  work,  or  impressed  it  so  forcibly  upon 
as  did  An:y.     lie  was  a  man  of  exceptional  administrative  ability, 
singularly  methodical  in  his  habit,  and  tirm  in  the  maintenance  of 

his  opinions. 

To  these  mental  traits  he  added  yet  higher  moral  ones.  Uncom- 
promising integrity  ami  unswerving  truthfulness  wire  united  in  his 
character  with  the  highest  tone  of  a  true  gentleman.  Such  men  as 
he  cannot  pass  through  life  without  incurring  hostility,  opposition, 
and  sharp  criticism,  yet  he  commanded  always  the  admiration  of 

his  friends,  the  esteem  of  his  colleagues,  and  the  respect  of  his  op- 
ponents. He  was  superior  to  national  prejudices,  and  no  element 
of  his  character  was  stronger  than  his  sense  of  justice.  He  was 
the  first  European  to  adopt  the  enronographic  method  of  noting 
transits  and  of  determining  longitudes,  aud  his  generous  cordiality 
in  affording  every  desired  facility  at  Greenwich  to  astronomers 
from  foreign  countries,  whatever  their  methods,  secured  their 
gratitude,  even  when  their  differences  of  opinion  as  to  these  methods 
were  most  decided. 

In  July  last,  the  ninetieth  birthday  of  Sir  George  Airy  was  ap- 
propriately commemorated.  A  large  number  of  English  men  of 
science  assembled  at  Greenwich  to  testify  their  respect,  and  offer 
their  congratulations.  At  the  same  time  an  address,  sigrie  1  by  many 
of  his  colleagues  in  continental  Europe,  was  presented  to  tie-  ven- 
erable and  honored  astronomer. 
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THE   OEBIT   OF    IAPETUS, 

V.\    A.    HALL. 


Iii  tin'  yc:us  L875,  1876  and  1*77.  the  orbii  of  this  satel- 
lite was  situated  so  that  the  difference  of  declination  between 
Saturn  and  Tapetus  was  very  small.  A  glance  at  tin-  equa- 
tions of  eondition  for  correcting  the  orbit  of  a  satellite  will 
show  that  in  such  a  case  the  determination  of  the  mean  dis- 
tanee  of  the  satellite  from  its  primary  will  depend  almost 
wholly  on  the  differences  of  right-ascension.  For  this  reason 
I  made  a  series  of  observations  of  Iapetus,  during  the  oppo- 
sitions of  Saturn  in  the  above  years  by  determining  itsdiffer- 
ences  of  right-ascension  and  declination  with  respect  to  the 
planet.  The  discussion  of  these  observations  was  published 
in  Appendix  I  of  the  volume  of  the  Naval  Observatory  for 
1882.     The  result  for  the  mass  of  Saturn  i> 

'"    =    ,  A  I  • 
a  value  of  the   mass  greater  than  that  found  from  measures 
with  the  heliometer.  which  is 

in  =    j-1,,  |  . 

In  the  year  1889  the  orbit-plane  of  Iapetus  had  returned 
to  a  position  similar  to  that  of  Ls7.">.  except  that  the  appar- 
ent motion  of  the  satellite  was  reversed.  Hence  in  this  yeai 
1  began  another  series  of  observations  with  the  26-inch  re- 
fractor of  the  Naval  Observatory  of  the  differences  of  right- 
ascension  and  declination  iif  Saturn  and  Tapetus,  and  these 
observations  were  continued  in  the  opposition  of  1890.  The 
transits  of  the  limbs  of  the  planet  and  of  the  satellite  were 
recorded  on  a  chronograph,  and  the  differences  of  declination 
were  measured  with  a  filar  micrometer  by  bisecting  the  disk 
of   the  planet  and  the  satellite.      The  plan   of  observing  was 


to  take  20  transits,  then  to  turn  the  micrometei  9 

-  of  declination,  and  finally  to  turn  hack  to 
the  tirst  position  of  the  micrometer  and  _   in  20 

transits.  The  motion  <>f  the  satellite  being  very  small  in 
declination,  the  mean  of  the  times  of  the  transits  was  taken 
for  the  time  of  the  observation  :  ami.  from  the  arrangement 
of  the  work,  the  reduction  fur  motion  in  declination  wa 
erally  insensible,  except  when  the  observation  was  inter- 
rupted I iy  clouds.  In  such  cases  this  small  correction  for 
motion  could  be  computed  safely,  and  it  has  been  applied 
in  the  reductions.  The  corrections  for  differential  refrac- 
tion were  also  very  small,  hardly  ever  exceeding  O'.Ol,  and 
these  corrections  have  been  applied.  When  the  satellite 
was  near  its  conjunctions  a  change  was  made  in  the  method 
of  observing.  Angle-,  of  position  and  distances  were  meas- 
ured with  the  micrometer,  and  after  being  corrected  for 
refraction  and  motion  these  quantities  were  reduced  to  dif- 
ferences of  right-ascension  and  declination. 

The  following  table  gives  the  results  of  my  observations 
of  this  satellite  during  the  oppositions  of  1889  and 
In  the  opposition  of  1891   my  time  was  taken  up  by  other 
matters,  and  these  observations   had    to  be  omitted.     The 
quantities  in  the  columns  C — O   are  expri  - 
arc.  and  result  from  a  comparison    of    the    observations   with 

my  taKles  for  the  motion  of  this  satellite,  given  in  the  above 

Appendix.      These  difference:-  are   the   independent   terms  in 
the  equations  of  condition.     In  the  column'-  <■  are  given  the 

residuals  of  the  equations  after  substituting  the  values  of  the 

unknown  quantities  found  from  the  least-square  solutions. 
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+0.06 

0.00        0.46 

+  0..S2 

0.19 

Sky  misty 

9 

1  1     9.6 

37.478 

38 

1     .",.17 

6 

2.74 

-  0.31 

2.04         0.16 

—1.32 

0.19 

11 

in   18.1 

39.742 

11 

—  2.00 

6 

1 .83 

0.17 

0.96        0.31 

—0.33 

0.39 

Unsteady 

12 

in    4.;.;: 

10. 1 11 

Hi 

1.7." 

6 

1.95 

—  0.2O 

(i.97        0.38 

\  0.39 

0.38 

[thin  il Is 

1  1 

hi    2.3 

10.993 

4  2 

10.08 

6 

2.IO 

+  0.03 

1.15        0.59 

—0.64 

0.65 

Faint  at  limes  ; 

18 

9  22.3 

38.851 

40 

■jo..;;, 

6 

2.25 

—0.38        0.38        0.19 

+  O.01 

0.27 

Windy  nml  n 

20 

8  54.4 

36.157 

40 

25.51 

6 

■     3.19 

0.17         1.02         0.39 

—0.65 

0.47 

Faint  at  nr.t;   sky  roltfj. 

23 

9     7.5 

30.450 

Ki 

31.06 

6 

2.6S 

0.51 

o.ll         0.01 

+  0.25 

0.10 

•  ft  with  cold 

25 

10 

34.46 

6 

2.83 

0.03 

0.12        0.45 

0.30 

0.54 

Faint;  ikj  linn 

26 

8  57.8 

22.986 

in 

35.43 

6 

2.87 

—0.20 

—  o.ll         0.25 

+  0.33 

0.35 

*t.-!lite  faint 

Mar.  5 

8      2.1 

-    2.",".  71 

8 

37.48 

8 

1.03 

+  0.6S 

+  1.49        0.87 

—0.40 

+  0.18    Wlndj  ami  unsteady 

6 

8     1.8 

-:    21    .04 

8 

36.38 

8 

1.12 

0.41 

1.29          o.55 

0.15 

— 0.03    "*< '."•>'  brighter 

7 

8   L8.5 

67  .27 

8 

35.20 

8 

0.83 

+  0.31 

+  1.45     -r0.40 

— 0.13, 

0.06 

11 

9     1.7 

+  17'. 244 

40 

28.20 

6 

1.94 

—0.03 

—0.24     —0.15 

+  0.41 

—0.04 

12 

8      I.:; 

19.950 

40 

26.67 

6 

1.32 

+  0.5.", 

+  0.21      +11.36 

1-0.87 

-i  o.l7 

17 

7  30.9 

32.082 

40 

—13.31 

6 

1.64 

0.39 

—  0.71     —0.05 

-  0.22 

+0.05   Strong  moonl't 

22 

7   .".2.3 

39.494 

4(1 

+    2.1  1 

6 

2.H4 

0.39 

1.48     —0.26 

1 . 1 3 

-0.20  Unsteady 

23 

7  52.0 

10.258 

10 

4.90 

6 

1.77 

1.14 

1.22      +O.I5 

0.91 

+0.51    Faint  :  sky  misty 

26 

8  1  •_>.:; 

41.104 

10 

1  1.79 

6 

1.15 

0.68 

0.56    — o.o.s 

0.S2 

—0.04 

28 

8     4.2 

+    10.469 

40 

+  20.49 

6 

—1.37 

+0.78 

—0.68        ii.oo 

—0.17 

+  0.02 

Jan. 11 

13     8.0 

—  26.79! 

20 

+36.27 

6 

-1.73 

—0.13 

—0.05     +0.19 

+  0.68 

+  0.15   Clouds 

12 

12    19.2 

24.454 

40 

35.68 

7 

2.82 

0.50 

1.09     —0.25 

—0.2.2 

—0.30 

Fuzzy  images 

13 

12  46.8 

—    22.048 

40 

.".4.07 

6 

—2.25 

—O.09 

—0.48     +0.09 

+  0.03 

18 

!:;  .",.",..", 

—118".  20 

4 

23.62 

4 

+  0.17 

+  1.2.", 

+  2.01         1.03 

+  0.43 

0.94 

A  little  in i-^t 

21 

12  26.0 

+    16  .17 

4 

16  89 

4 

—0.58 

0.76 

1.16 

+  0.35 

—0.20 

0.66 

Faint 

22 

12  21.4 

61  .09 

4 

14.83 

4 

0.01 

0.19 

1.68 

—0.28 

+  0.40 

0.15 

I  lazy 

24 

12     2.1 

+  151  .14 

4 

9.09 

4 

0.41 

0.48 

+  1.14 

—0. 1 2 

0.07 

0.57 

Haze 

26 

11   49.5 

+  16s.316 

40 

+    2.40 

6 

1.80 

1.59 

—0.41 

+  0.S8 

0.63 

0.78 

Cloudy  at  tun 

L'7 

11   56.5 

19.188 

40 

—  0.18 

6 

2.03 

1.35 

0.72 

0.59 

0.29 

0.49 

[turbed 

28 

11    .".3.2 

21.924 

40 

2.6.-, 

6 

2.08 

1.04 

0.86 

0.24 

0.12 

0.14 

Eve-piece  dis- 

30 

12      0.7 

2,6.998 

40 

8.36 

6 

1.76 

1.34 

0.71 

0.46 

+  0.19 

0.36 

(i         i. 

Feb.  4 

11   45.8 

36.712 

18 

20.93 

5 

1.75 

2.17 

1.02 

1.19 

—0.38 

1.10 

'aint;  thin  clouds 

9 

11    KM 

40.937 

32 

2  7,r,.", 

6 

1.12 

1.20         0.43 

0.21 

0.04 

0.18 

■    Mudi 

10 

1  1      9.5 

41.052 

40 

28.92 

6 

1.11 

1.52         0.39 

0.58 

0.03 

0.52 

[Saturn 

12 

in  54.8 

Id. .",21 

40 

29.83 

6 

1.32 

1.18         0.49 

0.30 

0.20 

0.24 

Fuzzy  image  of 

13 

10  31.6 

39.881 

40 

30.04 

6 

1.4  9 

1.11 

0.59 

0.26 

—0.32 

0.21 

.'. 

11 

in    13.5 

38.929 

40 

30.00 

6 

1.04 

1.00 

0.06 

0.19 

+  0.20 

0.15 

Poor  image  of 

IS 

Ki  .",.",.<i 

3  7.7*7 

40 

29.78 

6 

1.31 

0.92 

—0.24 

0.15 

0.01 

0.11 

[Saturn 

u; 

in   17.8 

36.366 

40 

29.51 

6 

1.00 

1.01 

+  0.16 

0.29 

+  O.I2 

0.25 

17 

Hi   19.6 

84.786 

40 

28.93 

6 

2.08 

1.01 

—0.82 

+0.34 

—0.56 

0.31 

?aint :  sky  misty 

18 

in  26.3 

32.884 

22 

1.96 

—0.60 

—0.33 

. 

tupped  by  clouds 

20 

in   13.6 

28.455 

10 

25.94 

6 

1.46 

0.95 

+  0.10 

—0.45 

+  0.42 

+0.43 

21 

in  2i.i 

25.948 

40 

21.0.", 

6 

1.54 

0.40 

+  0.12 

—0.03 

+  0.47 

—0.O5 

22 

10  :.7.o 

23.274 

40 

2.",.  00 

6 

2.60 

-  0.92 

—0.85 

+  0.56  j 

—0.47 

+  0.54 

faint :  sky  hazy 

24 

10         M.I 

+    17. .",01 

40 

18.68 

6 

1.83 

—0.01 

+  0.06 

—0.23 

+  0.52 

-  n  25 

'oor  imaeps 

26 

9    11.1 

+  163".41 

4 

14.18 

4 

0.62 

—  0.6." 

1.37 

—0.71 

—0.38 

—0.24 

Mar.  2 

9   Hi..", 

—  30  .21 

4 

6.57 

4 

—0.42 

+  0.36 

1.60 

+  0.58 

0.62 

+0.50   Windy 
0.44   Hazy 

3 

9   16.0 

79  .30 

4 

4.35 

4 

+  0.02 

0.36 

2.01 

0.65 

0.29 

1 

—  127  .94 

4 

—   2.12 

1 

—O.0  2 

+  0.36 

+  1.9.", 

+  0.72 

—0.44 

+0.37  V-erv  cloudy 

6 

9  26.1 

14'.990 

40 

+  3.26 

6 

2.04 

—0.71 

—0.20 

—0.22 

+  0.52 

—0.22 

8 

9     1.1 

40 

7. o7 

6 

2.13 

0.51 

—0.43 

+0.10        0.28 

+  0.10 

9 

8   46.2 

—  23.638 

40 

+  8.71 

6 

—  1.47 

—0.29 

+  0.16 

+0.38      -       - 

+  0.38  1 

N°  253. 


1  11  F     A  ST  liONOMICAL     JOI    K  N  A  1. 


Date 

Wash. 

No 

j  a 

No. 

1 

<> 

V 

V 

Remarks 

M.T. 

J« 

eomp. 

comp. 

in  a 

in  ■ 

ill  a 

iii  ,i 

in  a 

I81KI 

Mai.    11 

9'  22'."l 

-  28.646 

lo 

1  12.42 

(', 

—1.79 

haze 

12 

9  29.0 

30.822 

10 

13.33 

6 

1.98 

0.58 

0.87 

[clouds 

1;') 

9   22.8 

:;...'.i  17 

38 

17.85 

6 

2.92 

0.80 

1.69 

0.07 

—  1.12 

11  08    Windy  ami 

16 

s   I'M. 7 

37.166 

lu 

is. 11;; 

6 

1.98 

0.12 

0.7s 

0.76 

0.21 

0.77            -: 

IS 

S   ;,l.l 

38.856 

40 

19.62 

6 

2.29 

0.39 

1.13 

0.49 

0.68 

o.5o   sky  misty 

10 

s     :.:; 

39.321 

32 

20.18 

(', 

1.87 

0.56 

o.71 

0.32 

0.22 

0.31 

21 

7    17.5 

39.382 

IS 

20.12 

6 

2.61 

0.18 

1.4  2 

o.i;i; 

0.9a 

0.67    Faint  :  hazy 

2:; 

s   22.1 

38.454 

in 

19.91 

6 

2. -.'5 

0.30 

0.99 

0.48 

0.51 

0.49 

24 

S      1.5 

37.600 

40 

19.38 

6 

2.IC 

0.15 

Lie 

i,.,:i, 

0.66 

0.60 

Cloudy  at  times 

26 

9    17.6 

35.097 

4  0 

is.  1:1 

6 

2.51 

O.I7 

1.09 

+0.18 

0.56 

+0.18 

Very  unsteady 

20 

8   17.6 

29.87-2 

28 

15.91 

6 

2.60 

0.55 

1.00 

—0.06 

0.38 

— o.os 

(  loads 

30 

7  46.  1 

27.779 

40 

14.75 

6 

2.56 

11. 1;, 

0.90 

—0.02 

—0.25 

—O.Ol 

llazvMii<lt. 

Apr.   1 

7  86.2 

23.058 

40 

1  1.99 

6 

2.12 

0.11 

0.36 

f-0.18 

+  0.36 

+  0.16 

Strong  moonl't 

•> 

7  38.7 

20.450 

40 

10.70 

6 

2.29 

0.12 

0.50 

+  0.11 

0.27 

-.  0.08 

:  uzzy 

4 

7  36.9 

1  1.923 

40 

8.04 

6 

2.38 

0.23 

11.:,  1 

—0.14 

11.:;  1 

—0.18 

Thin  clouds 

5 

7  33.4 

—   12.066 

40 

6.76 

6 

1.94 

—  0.3S 

—0.0:1 

—0.37 

0.79 

—0.41 

7 

7  46.2 

—  90".  21 

4 

3.02 

4 

0.23 

+  0.15 

+  1.61 

1  0.32 

+  0.13 

+  0   10 

8 

7    17.2 

—  46  .79 

4 

+    1.67 

4 

(I. .-,9 

0.36 

1.12 

+  0.16 

0.00 

+  0.07 

Thin  clonds 

10 

8  20.2 

-f    43  .68 

4 

—    1.07 

I 

O.C2 

0.17 

1.11 

—0.16 

—0.16 

0.00 

Faint  :  sky  misty 

11 

7  50.7 

86  .11 

4 

2. (is 

4 

0.24 

0.11 

1.44 

0.29 

+  0.25 

+  0.01 

12 

7   23.2 

128  .42 

4 

3.63 

4 

0.30 

O.Ol 

1.31 

0.45 

0.22 

0.03 

13 

7  50.2 

+  171  .60 

4 

5.39 

4 

0.58 

O.I2 

+  1.01 

—0.10 

0.02 

o.ll 

(    lontl- 

IS 

7  50.9 

+   24- .878 

40 

11.60 

6 

l.sl 

0.89 

—0.71 

+  0.13 

0.15 

+  0.O7 

19 

7   59.8 

27.083 

40 

12.51 

6 

1.75 

0.86 

0.70 

0.01; 

+  0.12 

0.00 

21 

8      2.1 

31.006 

40 

14.50 

6 

2.21 

1.92 

1.31 

0.36 

—0.59 

+  0.31 

22 

7   55.5 

32.634 

Id 

15.06 

6 

1.7.-, 

1 .09 

0.89 

0.21 

0.22 

0.16 

Fa'mt  at  times 

25 

8  51.1 

36.464 

40 

16.72 

6 

1.61 

1.19 

0.94 

+  0.27 

cl  ■.' 

+  0.22 

28 

S    13.  "J 

38.273 

40 

16.86 

6 

1.77 

0.64 

l.o:i 

—0.27 

0.72 

Moon  ::    away 

29 

s     1;.:; 

38.  101 

in 

16.93 

6 

1.41 

0.66 

0.72 

0.24 

0.88 

30 

S      7.7 

38.321 

in 

17.13 

6 

1.38 

0.90 

0.66 

+  O.01 

0.36 

O.OL' 

Mav   2 

8     2.8 

+   37.493 

40 

—  1  6.6.-, 

6 

—1.65 

+  0.75 

— O.sl 

—  0.09 

—0.6O 

—0.12 

In  these  observations,  the  satellite  is  referred  to  the  cen- 
ter  of  the  planet,  ami  the  differences  air  in  the  sense  of  the 
satellite  minus  the  planet.  [  am  indebted  to  Ensign  II.  S. 
Chase  and  to  Mr.  A.  Hall,  Jk.,  for  assistance  in  revising  tnj 
redaction  of  the  observations,  ami  in  comparing  them  with 
the  tables.  [  am  also  indebted  to  Messrs.  C.  S.  McCoi  and 
F.  15.  I.1111  1.1..  computers  in  the  Naval  Observatory,  who. 
through  tlir  kind  permission  of  ('apt.  McNair,  com] 
the  comparisons  ami  solved  the  equations  of  condition. 

Tin'  equations  for  computing  the  position  of  the  satellite 
with  respect  to  its  primary  are 

5  =  r  ■  —  A  sin  /'  .*/«(  /•'+") 
P 

''"  A  sing  sin{G 
A  si,,  I,  sin(H+u) 


!' 

.s-  sinp  -- 


1+; 


6>-d   =scosp=     ,;_ 


r  being  a  small  quantity  with  respect  to  unity,  it  is 
disposed  of  by  means  of  Gaussian  logarithms.  In  these 
formulas  /,  F.  g,  G,  l<-  II.  are  the  auxiliary  quantil  - 
Bessel,  and  depend  on  the  right-ascension  and  declination 
of  the  planet,  ami  tlir  node  ami  inclination  of  the  orbit  of 
the  satellite  referred  to  the  equator;  r  is  the  ratlins  vector 
of  thf  satellite,  11  i t ^  argument  of  latitude,  /)  the  distan 

the  planet  from   the   faith./,,   thf   mean   dista S 

from  the  sun,  ami  A  is  the  mean  distance  of  ih,-  satellite  from 

the  planet    w  hen  seen  at    the  distance 

The  equation  of  condition  is 


u.dE  +  h*dP  +  cdi    I   d.da  ■   e.sinJd-N  I    f.dJ  ■ 


o. 


in  which  <//'.'.  <'/'.  *'•  .  il'i,  '/.V.  t/./aie  the  corrections  to  the 
assumed  values  of  the  mean  longitude,  the  lougitude  of  the 
perisaturniuui,  the  eccentricity,  the  mean  distance,  ami  the 

mule  ami  inclination  of  the  oil, it  of  the    satellite    referred    to 

the  equator;  ,<  i-  the  differenci    (      0,  given  above.     The 

values  of  tin-  coefficients  in  a' — k  are  as  follow  >  : 


1889. 


a  =  Pt  "'"  '  (0.0002)  ]  cos(F+m)  I  (8.4440)  cos(F  I  302    1-  .3)  ' 

p  <  ' 


100 


T  H  K     A  si  HOMO  MIC  A  L     .loll;  N  A  I.. 


N     j:.:;. 


-b=  "■!"'"'\u. *) 

f 
_  p„  sinf 

f 
,1=  ?.  (7.2878) 

,  =  ^»'n/  (7.6219) 


eof    /   •  »)  +    (9.9998)  cost   f  0.0139  ,  f  .-,,-.,/••  302    18'.8)  ! 


(0.0002)     .-(i si  /■'■■(  ")■-''''  •  — (9.9998)*«n(J?M  302s  48'.3) 


(2.7122) 


■  0O8<  /''  I"  U  ) 


COS  f. 


(9.2123)- 


/<» 


/•  COS   II 

(2-7122) 

/■  sin  U 


C08(2.+M)+    -  C08/.(2  7J22) 


p  (2.7122) 

In  these  expressions,  -  is  the  eccentric   an aly  <>f  the 

satellite.     The  coefficients  for  the  difference  of  declination 

are  f id  by  potting  sin  ;/  for  sin  f,  <>'  tor  /•'.  and  •,  for  .r. 

In  the  coefficients  for  1890,  we  have  802°  51'.0  in  place  of 
I8'.3;   and  the  logarithm  7.6118  instead   of  7.6219; 
the  rest  of  the  constants  remaining  the  same. 
The  observations  of  1889,  give  72  equations  of  condition, 

1889.  Solution   A. 

+  19.5563s—     2.1492y  —    0.000G  z  —    0.1513k-  +     t.4511u  + 

+    67.8947 y  +  45.7246a  +    4.6132 w  +    0.1677w    , 

+  39.0771z  +     4.0849  w—    0.2816«  + 

4-  28.5485m  +    0.0S49«  — 

+  28.1879 «  + 

[nn]  =  +  120.5644  + 

1890.  Solution  A. 

+  40.4825x4-     18. 1745?/  4     7.9316z—    1.2599w—    0.2728m  + 
4  162.2207?/  4  68.5474?  4     8.9873c-  4 
4  40.61772  4    2.0890c-  4 
4  39.4434  w  4 


and  those  of  1890,  125.  These  observations  were  made 
during  the  winter  months,  and  generally  under  unfavorable 
conditions  of  weather  and  sky,  so  that  different  weights 
might  be  assigned  to  the  different  days,  but  in  the  first  solu- 
tion I  have  assumed  the  freights  to  be  equal.  In  this  way, 
we  have  the  following  normal  equations: 


3.3021  t  — 
0.1230*  — 
0.0519  t  — 
1.0126 i  4 
0.5442 *  4 
20.1555*  — 


9.1542  =  0 
58.1886  =  0 
50.3070  =  0 

3.1177  =  0 
16.6770  =  0 

3.2364  =  0 


0.0025  n  4 
0.4331  u  4 
0.0944  m  4 
8.4013  n  4 


[nn]  =  4  230.8125 
The  solutions  of  the  normal  equations  give, 


1889. 


*  =  40. 50315±0. 11965 
y  =  40.0470140.13982 
z  =  41.2583040.18364 
W  =  —  0.29073  4  0.09743 
it  =—0.60636  4  0.09748 
t  =  40.0763740.11675 


as  =  —0.05893  ±  0.08598 
y  =  40.6395040.07819 
z  =  40.6215740.15442 
«>  =  —  0.15848  40.08458 
'(=—0.82082  40.08478 
t   —  —0.09093  40.08174 


.IE  =  40  3.36 
JP  =  40  11.28 
!N=—0  16.54 
U  =  4  0  0.51 
Ja   =—0.2907 


4   0.80 
±33.55 

±    2.66 

±   0.78 

40.0974 


Je 
1890. 


40.002441  ±0.000356 


JE  =—0  0.39  4  0.57 
JP  =  42  33.43  418.76 
JN=  — 0  22.*374  2.31 
JJ  =—0  0.614  0.55 
Ja  =—0.1585  ±0.0846 
Je  —  40.001206  ±0.0002995 


The  solutions  of  the  normal  equations  give  the  unknown 
quantities  in  seconds  of  arc,  and  as  the  semi-major  axis  of 
the  orbit  of  this  satellite  was  put  equal  to  unity,  where 
a  =  515". 5195,  the  resulting  values,  need  to  be  multiplied 


6.82901  —     13.9697  =  0 
3.5919*  —  143.5230  =  0 
1.6770?  —    67.7763  —  0 
0.3597*  —      n.7552  =  0 
4  38.4013»<4     0.29624+     31.2755  =  0 
4  42.4490*  4       1.2232  =  0 
by  the  number  6.6685  to  furnish  the  corrections  to  the  an- 
gular quantities  in  minutes  of  arc.     For  the  control  we  have 

1889. 
[nn.6]  =  38.656  ;  probable  error  of  an  equation  =  40". 516 
2.  p  vr  =  38.648  ;  72  equations 

1890. 
[mi. 6]  =  72.061  ;  probable  error  of  an  equation  =  ±0".525 
2.p  u2=  72.153  :  125  equations 

In  the  observations  of  this  satellite,  made  fifteen  years  ago, 
the  average  probable  error  of  an  equation  was  ±0".316, 
from  248  differences  found  with  the  chronograph.  The 
increase  of  this  error  in  the  recent  work  may  arise  partly 
from  the  fact  that  these  observations  were  made  during  the 
winter  mouths,  when  the  images  are  generally  poor  ;  but 
an  examination  of  the  residuals  shows  a  systematic  difference 
between  the  measurements  made  with  the  filar  micrometer 
and  those  got  from  the  chronograph.  Since  the  first  were 
made  near  conjunctions,  when  the  satellite  was  faint,  and 
the  Ring  of  the  planet  may  have  introduced  a  constant 
error  into  the  measurements,  another  solution  has  been 
made,  omittiug  the  observations  near  conjunctions.  The 
normal  equations  and  their  solutions  are  now  as  follows  : 


N°  253. 
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1889.     Solution  B. 

4-11.69652—      1.1457y  —    0.5251  2  —    0.8661  to  +     ).4l34u  + 

+    45.7018 y  +  31. 1376a  +    5.424 9 w  +    0.1917  u  + 

•    29.0062  z  +    4.5175»  —    0.31O6u  — 

-^  _'^.4<»1 .'  w  +     0.034'.)  n  — 

+  28.0981 

[nn]  =  +  114.2501  + 

1800.     Solution   B. 
+  23.6000 x  +       6.2529 y  +     2.9802*+     2.2381  »:  —    0.33    - 

+  103.51M  y  +  4  1.5(5372  +     7.727s  „■  —     u.0411  it  + 
+  30.1953z+     1.7106«o  +    0.382 

+  38.8503  w  +     0.03.ss  „  — 

+  37.0923«  — 

[nn]  —  +  225.0072  + 


1.98261  — 

8.2745 

=: 

0.1569*  — 

= 

0 

o.ot40<  — 

= 

o 

0.710 

=: 

'1 

0.3822*  + 

17.0437 

r= 

0 

12.0467?  — 

2.4755 

— 

II 

4.0266*  — 

11.6474 

_ 

II 

1.4170*  — 

134.6070 

= 

0 

0.6694*  — 

<;4.1i;l'o 

= 

II 

0.0291  t  — 

0.2514 

= 

o 

30.9576 

= 

0 

25.1209*  — 

2.5057 

= 

II 

Hence,  we  have  for  tlie  values  of  the  corrections  to  the 

element-. 

1889. 


x  =  +0.40691±0.1oill 
y  =  +0.48220  ±0.09676 
2  —  +1.22144±0.12239 

»■  =  —  o.3:»671  ±0.06438 


IE  =  0  2.71  ±  0.67 
JP  =  +1  55.1111  ±  23.21 
JN  =  —0  16.86  ±  1.75 
JJ  =  +0     0.89 ±   0.66 


«=— 0.61815±0.06404  Ja  =  —0.3967  ±0.06438 

*  = +0.13291  ±0.09892   Je  = +0.00023693  ±0.00028741 


1890. 

x  —  +  o'.  1 2459  ± o".0636S  JE  =  +  0° 

y  =  +1.07116±0.04837  JP  =  +4 

2  =  +0.55617±0.09045  JN  =  —0 

w  =  — 0.22814±0.04870  /./  =  — 0 

u=— 0.84  788  ±0.04942  la 

t  =—0.1 0734  ±0.06088  Je 


0.83±  0.42 
16.99±  11.60 
23.10±    1.36 

0.72  ±    0.41 

!231        ±0.04870 

+  0.0010788±0.0001755 


II ontrol  equations  are  now, 


[nji.6]=  13.576  :  probable  error  of  an  equation  =  ± 
2'.  /i  o*  =  13.569  :  60  equations 

• 
[nn.6]  =  1 7. son  :  probable  error  of  an  equation  =  ± 
2.  [i  '■'- =  17.898  :  97  equations 

The  average  probable  error  of  an  equation  in  tbe  solution 
Bis  ±0''. 3 14.  or  the  same  as  fifteen  years  ago.  The  in- 
crease of  the  probable  error  shown  in  the  first  solution. 
comes  therefore  wholly  from  the  systematic  differen 
tween  the  two  kinds  of  measurement.  The  observations 
with  the  filar  micrometer  made  near  the  conjunctions  have 
very  little  weight  for  most  of  the  elements,  but  maj 
use  for  determining  the  longitude  of  the  satellite,  and  the 
inclination  of  its  orbit.  'The  equations  from  these  measure- 
im  uts  during  the  two  years  have  therefore  been  put  together 
and  give  the  following  normals: 


1889   and    Is no. 

f  24.8023*  +  10.9181  y  +     5.4759a  +  1.69S0»-  +  0.1007 u  +  4.12191  —  8.2020  =  0 

+  80.3955 y  +  88.5708a  +  0.4487m  +  0.0196 u    -  2.1410*  -  9.7501  =  0 

+  20.4933a  —  0.0542  to  +  0.0792  u  +  1.1085*  —  5.: 3372  =  0 

+  0.7397  to  +  0.0556  u  4-  0.0867*  —  0.9885  =  0 

+  1.3989  u  +  3.7682*  —  0.0488  =  0 

[»"]  =  +  12.1196                                                                       +  25.4369*    -    2   1680  =  0 


The  solution  ^i\  es, 


x  =  +0.28O53±0.o71:i2 
y  =—0.09944  ±0.11896 
z  =  +0.38691  ±0.21  136 
io=  +0.76190±0.40808 
«  =  +0.71 608  ±0.34166 
t  =—0.27924  ±0.08107 


IE—  +o     1.87  t    0.48 
IP  =  —o  23.86  ±27.34 

JN=  +o  in.53 ±   9.82 
JJ  =  —0      1.86  ±    o.| 

da  =  +0.7161        i  0.84166 
./e  =  +0.0007505±0.O 

[n»i.6]  =  7.106;  probable  error  of  an  equation  =--  a 

-./•  •■        7.108  :    10  equations. 


The  different  solutions  all  give  small  corrections  to  the 
mean  longitude  of  the  satellite,  and  indicate  that  my  former 
value-;  of  this  element  and  of  the  mean  motion,  or  the 
periodic  time,  are  nearly  correct.  In  such  an  orbit,  the 
position  of  the  perisaturniom  is  naturally  uncertain 
the  final  corrections  of  my  previous  elements,  1  conclude 
to  adopt  the  mean  values  of  solution  .4.  in  which  all  the 
observations   have    been   employed.      T  dif- 

feivners  in  the  obsei  \  al 

tbis  solution,  hut  on  the  whole  it  appears 
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Tbia  increase  is  well  shown  by  the  second  columns  of  resid- 
uals '•'.  in  which  are  given  the  results  of  substituting  in  the 
equations  of  condition  the  values  of  the  corrections  found 
from  the  solutions  B,  and  1889  and  1890.  The  adopted 
\  alues  of  the  corrections  are, 

//.        -Mi     0  88  ±   0.47 

//•        |  I   59.58  ±  16.87 

/Ar  =  —o   19.87  ±    1.7-1 

/,/  =  _ii     0.24  ±    0.45 

la  =  —0.2153       ±0.06387 
/•      =  -f0.0017178±0.00022926 

These  corrections  applied  to  the  elements  of  the  satellite  for 
1880  give  the  following  new  elements  of  the  orbit.  These 
elements  are  referred  to  the  meridian  of  Greenwich,  since 
for  a  long  time  the  data  given  in  the  American  Ephemeris 

Washington,  1892  January  2. 


were  not  convenient  for  reductions  of  this  kind,  and  even 

with  the  recent   improve nt<  it   is  still  easier  to  use  the 

English  Nautical  Almanac,  or  the  Conn,  des  Temps. 

Kl.KM!  NTS    O]      /"/"  tU8. 

Epoch,  1890.0     Greenwich  M.T. 
29 


E  —  54 
P  =  355 
n  =  142 
i    —     18 


23.0 
54.1 
52.7  '  Mean  Eq.  1890.0 

0.8 


a    =  515.804±0.064 
e    =       0.0295123 
Periodic  Time  —     79.331015:.'   mean  solar  days. 

These  elements  give  for  the  mass  of  Saturn 

1 


m 


34.S5.7  ±  1.28 


SIX  S  POT   OBS  E 1 1 V  A  TIO  X  S, 

MADE    \r   PHILADELPHIA,   PENN. ,    WITH    A   4.5-mCH    HKH:  vr  i  m: 

By  A.  W,  QUIMBT. 


Ni'U 

Total 

Fac. 

New 

Total 

V:ir. 

1891 

Time 

Grs. 

Sps. 

Grs. 

Sps. 

(;r>. 

Def. 

18!)1 

Time 

Grs. 

Sps. 

Grs. 

Sps. 

Gre 

Def. 

Julv     l 

in 

1 

1 

40 

2 

poor 

Aug.    4 

7 

3 

5 

30 

2 

fair 

3 

9 

_ 

1 

46 

2 

fail- 

5 

7 

_ 

:; 

_ 

v.  poor 

4 

7 

_ 

2 

26 

1 

fair 

6 

7 

3 

49 

2 

good 

5 

7 

1 

.". 

:; 

20 

3 

good 

7 

7 

:: 

20 

4 

fail- 

6 

7 

_ 

3 

32 

4 

good 

8 

7 

2 

5 

2a 

1 

fair 

7 

7 

••; 

33 

1 

g|  II  ||  1 

9 

4 

2 

8 

_ 

good 

'.i 

7 

3 

5 

72 

4 

good 

in 

7 

3 

16 

3 

good 

1U 

7 

_ 

1 

si 

:; 

good 

11 

7 

3 

50 

i; 

good 

11 

1 

1 

1 

l 

6,6 

4 

good 

12 

7 

_ 

3 

32 

l 

fail- 

12 

7 

_ 

_ 

1 

61 

I 

fair 

l:; 

7 

_ 

_ 

2 

16 

4 

fa  i  r 

13 

1 

5 

148 

2 

good 

ll 

7 

2 

10 

i 

faii- 

14 

_ 

_ 

1 

71 

•J 

pool' 

15 

7 

1 

_ 

3 

:• 

3 

poor 

I.". 

7 

_ 

_ 

:: 

150 

poor 

16 

7 

_ 

_ 

3 

10 

.". 

faii- 

16 

7 

_ 

_ 

:: 

72 

1 

faii- 

17 

i 

_ 

2 

16 

;; 

fair 

17 

7 

_ 

_ 

.". 

Is 

2 

fair 

18 

6 

2 

5 

1 

poor 

18 

2 

1 

.". 

:: 

34 

2 

poor 

19 

7 

1 

7 

2 

faii- 

19 

7 

1 

1 

l 

116 

4 

good 

20 

7 

1 

5 

1 

poor 

20 

7 

_ 

_ 

4 

82 

2 

faii- 

21 

7 

_ 

1 

8 

2 

poor 

•21 

7 

_ 

_ 

3 

64 

2 

fair 

22 

7 

2 

3 

16 

2 

faii- 

22 

7 

1 

_ 

4 

65 

2 

faii- 

23 

7 

3 

15 

2 

fair 

2:5 

7 

_ 

_ 

4 

40 

_ 

poor 

2  1 

7 

_ 

2 

20 

4 

faii- 

24 

9 

- 

4 

20 

_ 

poor 

25 

10 

_ 

_ 

2 

5 

3 

poor 

25 

7 

- 

3 

11 

_ 

faii- 

26 

2 

_ 

.. 

2 

8 

1 

poor 

26 

7 

- 

1 

16 

4 

fair 

27 

4 

_ 

_ 

2 

7 

1 

poor 

27 

7 

2 

8 

3 

19 

6 

faii- 

28 

11 

1 

5 

2 

11 

1 

poor 

•28 

7 

- 

- 

;; 

10 

_ 

poor 

29 

7 

_ 

_ 

2 

16 

2 

poor 

29 

8 

- 

_ 

3 

11 

3 

poor 

31 

S 

1 

1 

2 

40 

1 

faii- 

30 

7 

_ 

_ 

3 

30 

4 

faii- 

31 

7 

- 

- 

•_> 

31 

3 

fair 

Sept.    1 

8 

_ 

_ 

2 

107 

3 

fair 

■j 

8 

2 

2 

251 

4 

v.  good 

Aug.    1 

7 

1 

2 

27 

3 

faii- 

3 

2 

1 

_ 

4 

121 

4 

poor 

2 

7 

- 

- 

2 

16 

2 

poor 

4 

10      1 

_ 

_ 

4 

189 

4 

faii- 

3 

7 

- 

- 

2 

20 

2 

fair 

5  1 

H 

1 

5     J 

14'." 

3      I 

poor 
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New 

Total 

Niu 

1891 

Time 

Grs. 

Sps. 

Grs. 

Sps. 

1,!   - 

ii.  r. 

1891 

- 

Sept.  6 

12 

' 

195 

:; 

poor 

Nfov.    l 

- 

3 

19 

faii- 

7 

11 

_ 

_ 

5 

93 

1 

poor 

2 

'.) 

••; 

fair 

1               8 

7 

_ 

_ 

."> 

:il 

.-; 

fair 

3 

•2 

1 

1 

3 

3 

fail- 

9 

9 

_ 

_ 

."> 

63 

3 

fair 

1 

2 

19 

fail 

10 

8 

1 

_ 

•"' 

39 

3 

fair 

6 

2 

3 

4  2 

3 

faii- 

11 

8 

_ 

1 

'.I 

3 

poor 

7 

- 

3 

32 

2 

fair 

12 

3 

I 

_ 

;") 

1.". 

3 

fair 

- 

•_> 

2 

32 

■■; 

poor 

13 

8 

i 

_ 

6 

33 

•> 

fair 

:i 

■> 

2 

27 

i 

11 

8 

_ 

•1 

23 

3 

fair 

in 

9 

2 

11 

V.     |,. 

15 

8 

2 

_ 

4 

57 

3 

faii- 

11 

2 

4 

3 

21 

2 

faii- 

16 

6 

- 

_ 

3 

31 

_ 

poor 

12 

10 

3 

14 

3 

fair 

17 

8 

_ 

_ 

3 

88 

faii- 

13 

111 

1 

1 

i 

•"' 

4 

fail- 

18 

_ 

_ 

_ 

3 

78 

3 

fair 

14 

9 

3 

6 

1 

fair 

1!. 

8 

1 

1 

4 

44 

2 

faii- 

I.", 

:i 

1 

3 

1 

9 

fail- 

20 

8 

1 

-' 

5 

43 

5 

poor 

18 

9 

1 

2 

fail 

21 

8 

1 

1 

6 

38 

4 

faii- 

l!i 

9 

1 

38 

2 

22 

8 

_ 

_ 

3 

32 

3 

fair 

20 

;i 

1 

82 

23 

8 

1 

1 

3 

30 

3 

faii- 

21 

!l 

1 

faii- 

24 

8 

_ 

2 

:;•_' 

2 

fair 

22 

2 

2 

25 

in 

_ 

_ 

-_> 

19 

2 

faii- 

2:; 

1  1 

2 

30 

26 

8 

1 

!l 

2 

31 

2 

fair 

24 

:> 

2 

47 

1 

fair 

•27 

1 

_ 

- 

3 

32 

2 

fun- 

25 

in 

_ 

_ 

■> 

- 

! 

28 

8 

1 

1 

3 

17 

1 

fair 

26 

9 

_ 

_ 

•1 

6 

2 

29 

!) 

1 

1 

3 

■J  7 

2 

poor 

27 

10 

2 

7 

I 

11 

2 

faii- 

30 

8 

- 

3 

h; 

:; 

poor 

28 

in 

_ 

_ 

3 

13 

_ 

30 

8 

■> 

11 

fair 

Oct.     1 

8 

_ 

5 

22 

1 

1 i' 

2 

12 

1 

1 

6 

27 

1 

poor 

Dec.     i 

8 

2 

1.". 

1 

faii- 

3 

10 

_ 

_ 

6 

HI 

3 

good 

•_> 

9 

2 

- 

3 

fair 

4 

8 

1 

1 

7 

63 

•2 

Tail' 

3 

in 

_ 

2 

2 

fail 

5 

8 

_ 

_ 

7 

73 

•> 

faii- 

4 

in 

2 

- 

3 

fail 

6 

9 

_ 

_ 

6 

35 

■> 

poor 

."> 

in 

1 

."> 

-' 

fail- 

8 

Q 

1 

2 

7 

105 

3 

faii- 

6 

9 

1 

1 

:: 

11 

•j 

fair 

9 

8 

- 

7 

81 

3 

fair 

8 

8 

2 

- 

2 

10 

8 

_ 

1 

.",2 

_ 

1 ■ 

!l 

9 

_ 

_ 

2 

5 

•■: 

poor 

11 

1 

_ 

_ 

6 

16 

2 

fail' 

in 
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2 

7 

3 

fair 

13 

1 

_ 

_ 

1 

15 

2 

v.  poor 

11 

!l 

2 

4 

3 

fair 

11 
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2 

:' 
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8 

2 

poor 

12 

in 

1 

1 

2 

7 

I 

faii- 

15 

2 

_ 

_ 

4 

11 

2 

poor 

13 
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1 

■> 

fair 

16 

8 

_ 

3 

2:; 

2 

fair 

l  l 

9 

1 

8 

1 

17 

3 

. 

_ 

:! 

32 
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fair 

15 

2 

1 

•j 

2 

:; 

■ 

18 

9 

_ 

_ 

2 

1  1 

_ 

V.    |iiiii| 

16 

in 

3 

1.-, 

3 

faii- 

19 

8 

_ 

_ 

2 

1.") 

_ 

\ .  poor 

17 

Id 

3 

18 

1 

fair 

20 

3 

1 

2 

2 

2.", 

2 

18 

in 

_ 

3 

In 

1 

fair 

21 

9 

1 

1 

3 

13 

2 

faii- 

19 

10 

1 

3 

1 

17 

■j 

fair 

23 

10 

2 

2 

1 

12 

2 

fair 

20 

•j 

3 

19 

2 

2  1 

:» 

_ 

_ 

1 

11 

2 

raii- 

21 

2 

1 

I 

1 

H 

2 

fail- 

25 

8 

_ 

1 

5 

2 

poor 

22 

1 

1 

1 

fair 

26 

in 

1 

3 

22 

1 

faii- 

2.-, 

in 

1 

- 

fair 

•-•7 

10 

_ 

2 

21 

fair 

2  1 

3 

_ 

2 

28 

8 

_ 

■> 

;i 

:; 

1 r 

27 

1 

1 

.*■ 

:. 

faii- 

._,,,. 

9 

2 

5 

1 

63 

i'. 

good 

28 

1 

."i 

13 

1 

fa  i  r 

80 

9 

_ 

:: 

22 

l r 

29 

10 

I 

in 

81 

8 

_ 

_ 

3 

2.: 

3 

fair 

1 

11 

7 

- 

::i 

10 

7 

-;i 

1 

*  With  '.i..-.  Princeton. 


ELEMENTS   AND   EPHEMERIS  OF   THE    PERIODIC   COME!    OF    WOLF, 

From  a  letter  of  Mi'.  Bbrbkricii  t"  the  Editor. 
In  the     r  Tournal,  do.  238,  you  gave  accounl      assume  thai  the  following  lines  may  be  of  soi 

of  my  elements  of  Wolf's  periodic  comet,  and  I   therefore     yon  and  the  readers  of  yonr  Journal.     M 


I'M 
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exclusively  ii| tin-  observations  made  by  Prof.  Si  bi  r,  with 

ih.-  greal  refractor  "I"  the  Strassburg  Observatory,  and  were 
referred  to  tbe  present  apparition  by  adding  the  perturba- 
tion* produced  by  the  planel  Jupiter.  I  have  now  further 
.■.mil. ui.'. I  the  perturbations  by  Saturn  from  1884  to  1891, 
which  uIbo  attaiu  m  considerable  am., nut. 


IM  =  +2 

46.49 

,./<„     =  —  0 

18.06 

19,  =  -0 

7.99 

i;    =  +0 

0.15 

./</>    =  +0 

1.66 

/,.     .       *  0". 00470 

Having  regard  to  these  variations  tbe  difference  between 
ration  and  computation  at  rediscovery  is  diminished 
I,,  I  8".  Tli is  error  will  disappear  by  a  correction  in  tbe 
mean  anomaly  of  about  O'.o.  Introducing  the  quantity 
a,a  =  +  0".014  into  the  equations  of  condition  in  the  firsl 
apparition,  the  corrections  of  the  other  elements  become 

.<  l/„  =   +0".-l3;      9oj,  =  — 1".30;      »</>  =  — 1".76 

i  the  epoch  for  .V  is  the  perihelion  time  1K84  Nov.  17.8) 

The  residuals  in  the  eight  normal  places  in  longitude  are 
now 


1      1884  Sept.  23 

0.0 

11             Oct.    -21 

—0.2 

III            Nov.     8 

—0.4 

IV           Dec.    M 

+  0.8 

V  l.S.S-1  Jan.  14 

VI  Feb.    8 

VII  Mar.  14 

VIII  Apr.    2 


+  1.2 

—2.1 
+  1.1 

—  1.1 


Kpoch  l.S'.ll  Sept.  8.0  Berlin  M.T. 

.1/  n  39   12*4 

„)  =    172    18   28.0  ) 

ft  =  2(i6  21   27.."»     M.  Eq.  1890.0 

i  =     25   14  37.6  \ 

,j,  =     33  51   2f'.  7 

//  =  520.2536 

log  a  =  0.5558610 

Any  further  improvement  of  this  orbit  might  be  poet| ed 

until  the  next  return  of  the  comet,  in  1898,  as  the  perturba- 
tions during  the  new  revolution  will  be  very  small,  and 
therefore  the  mean  motion,  that  most  important  element. 
will  be  known  witb  all  desirable  exactness  by  combining 
1891  and  1898.  From  the  following  rough  ephemeris  yon 
may  perceive  that  the  comet  will  be  observable  in  1898-99 
through  many  months  :  the  perihelion  takes  place  on  June  30. 


(  N.  1'.  IV  has  been  corrected  by  +  1".8  and  +0".8  in  longi- 
tude and  latitude  respectively.) 

This  agreement  might  be  still  regarded  as  quite  satis- 
factory. The  good  result  of  the  whole  computation  proves 
the  excellent  qualities  of  the  telescope  in  the  hands  of  a 
skillful  and  active  observer. 

Taking  together  the  above  variations,  we  obtain  the  fol- 
lowing elements  for  Wolf's  comet  in  its  second  apparition. 

Berlin,  1892  January  .">. 


Date 

1898  June  3 
July  5 
Aug.  6 
Sept.  7 
Oct.  9 
Nov.  10 
Dec.    12 

1899  Jan.  13 
Fel).  14 


1  12.3 
3  18.8 
1  49  3 

6  4.9 
8  56.9 

7  17  9 
7  4.1 
6  34.1 
5  21.4 


,1 

+  18  18 
+  19  43 
+  16  51 
+  10  2 
t  ii  38 

—  9    21 

—  16  20 

—  16  31 

—  11   31 


log  A 

0.343 

0.306 
0.271 
6.286 

0.199 
0.167 
0.161 

0.205 
(t.292 


log  r 

0.208 
O.202 
0.214 
0.240 
0.274 
0.812 
0.350 
0.386 
0.419 


Br. 

1.7 
2.1 
2.3 
2.1 
2.1 
2.4 
2.1 
1.4 
0.8 


The  unit  of  brightness  is  that  of  189]  May  1. 


In  the  later  returns,  the  position  of  the  comet  remains  un- 
favorable, nevertheless  observations  could  be  secured  by  the 
gianl  telescopes  at  Mt.  Hamilton Tmd  Mt.  Wilson  about  the 
apparitions  preceding  or  following  the  perihelion  passages. 
Since  seven  revolutions  of  the  comet  are  nearly  equal  to 
three  of  Jupiter,  a  second  approach  of  these  two  bodies  will 
occur  in  1922-23,  depriving  us  perhaps  of  the  sight  of  the 
comet  for  a  long  time,  if  not  forever. 

A.  Berberich. 


NEW   ASTRONOMICAL   WORK. 


Astronomy  and  Astrophysics. 

I  I,,-  Sidereal  VCessenger,  which  has  for  ten  years  been  published 
by  Prof.  William  W.  Payne,  at  Northfleld,  Minnesota,  and  has 
rendered  valuable  services  in  diffusing  astronomical  knowledge, 
lias  celebrated  the  completion  of  its  hundredth  number  by  enlarging 
both  its  Beld  ami  its  dimensions. 

It  has  now  taken  the  new  title.  Astronomy  mi. I  Astrophysics,  al- 
t  iili  tin-  numeration  of  its  i>>ue  is  continued  —the  first  of  the 


new  series  bearing  the  number  101.  The  astrophysical  portion  is 
under  the  direction  of  Prof.  George  E.  Hale  of  Chicago;  ami 
promises  to  give  not  only  communications  from  home  sources,  but 
also  translations  of  the  most  important  articles  regarding  spectro- 
scopy and  celestial  physics  which  may  be  published  in  foreign 
languages. 
The  periodical  is  embellished  with  elegant  illustrations. 


COKT E N T S . 
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Sunspoi   Observations,  by  Ret.  A.  W.  Qubiby. 

Elements  and  Ephemeris  of  the  Periodic  Comei  oi    Wolf,  by  Mb.  A.  Berberich. 

New  Astronomical  Work. 

Publisiusd  in  Boston,  semi-monthly,  i 
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PROPER  MOTIOKS  OF   l>7   SOUTHERN    STABS, 

Bi    LEWIS  BOSS. 


In  the  intervals  of  other  work,  during  the  past  two  or  three 
I  ha\  e  been  collecting  a  list  of  stars  hitherto  supposed 
to  exhibit  a  secular  proper  motion  in  each  case  of  10"  or 
more  This  list  now  contains  the  positions  and  precessions 
for  1850  and  1900.  as  well  as  the  approximate  proper  mo- 
tions, of  something  more  than  2700  stars,  but  is  yet  by  no 
means  complete.  The  preponderance  of  stars  in  the  North- 
ern hemisphere  known  to  be  affected  with  sensible  proper 
motion,  is  very  great  over  the  corresponding  class  of  stars 
for  the  Southern  hemisphere.  Since  the  ultimate  object  of  any 
such  collection  is.  naturally,  the  study  of  solar  motion  in  space 
and  problems  of  a  similar  nature,  the  lack  of  symmetry  in  the 
distribution  of  these  stars  affords  no  pleasing  prospect  of  es- 
cape from  the  systematic  errors,  as  well  as  the  indetermi- 
nateness,  always  inherent  in  general  discussions  of  this  kind. 

The  subjoined  list  of  -_'7  stars,  having  annual  proper  mo- 
tions mostly  greater  than  0".40,  and  not  included  in  the 
general  list  to  which  allusion  has  been  made,  is  the  first 
fruit  of  an  attempt  to  offer  a  partial  remedy  for  this  defect 
of  asymmetry  in  the  distribution  of  stars  of  known  proper 
motion.  The  stars  of  this  list  are  taken  as  the  most  notable 
cases,  from  a  much  larger  collection. 

To  many  of  these  stars  proper  motions  are  assigned  in 
the  Catalogue  of  the  British  Association  for  1850;  but  since 
the  proper  motions  there  attributed  to  this  class  of  stars  are 
merely  the  proportional  differences  for  one  year  between  the 
positions  derived  from  the  zone  observations  of  Lacaeli.ii, 
and  the  corresponding  positions  taken  from  Bbisbanj  or 
Taylor,  they  arc  almost  of  no  value  at  all  in  the  search  for 
actual  eases  of  sensible  proper  motion. 


Twelve  of  the  stars  in   the    list   here   presented,  appi 
have  annual  proper  motions  equal  to.  or  greater  than. 
The  results  of  computation   for   these  are.  therefore,  pre- 
sented   in    separate    tables  for  each  star.     These   ill 
the  manner  in  which  the  computations  have  been   made   for 
the    entire   list.     They   also   fairly   indicate   the  uncertainty 
which  remains  in  the  determination.     The  plan  of  computa- 
tion was  to  form  preliminary  positions,  precessions,  ai 
ular  variations  for  1850  and  1000,  together  with  preliminary 
of  the  proper  motion,  and  then  to  correct  these  with 
such   rigor  of  computation  as   might  seem  desirable.     The 
seconds  of  right-ascension   and  declination   for   1850,  com- 
puted with  the  finally  adopted  quantities  of  precession  and 
proper  motion,  are  given  as  they  result  from  each  cab 
place  unchanged,  except  in  the  case  oi  Brisbane's   Cata- 
logue, in  which  instance,  corrections  derived  from  the  table 
at  page  260  of   the'  appendix,  were  regarded   as   part   of  the 
Catalogue  High t -Ascension. 

In    deriving    the    proper    motions,    systematic  corrections 
were  employed  in  some   cases.      The   most   notable   of  these 
are  the  large  corrections  for  right-ascensions  required  by  the 
Madras  Catalogue-.      These  were  taken  from  AbgI  i  AUDI  R*S 
discussion    in    the   seventh    volume   of    Bonn    Observi 
Otherwise  there  is  a  general  attempt  to  produce  approximate 
conformity  with  the  system  of  the    .i 
The  positions  from  Lai  \iiu  are  presented  for  purr*  a 
comparison.     In  a  very  few  case-,  however,  his  right-ascen- 
sions were  given  a  nominal  weight 
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It  will  be  noticed  that  the  star,  Lacaille  8267,  exhibits 
an  apparent  annual  proper  motion  greater  than  1";  though 
its  exact  amount  may  still  be  regarded  as  uncertain  by  near- 
ly one-tenth  of  the  total  motion.  A  few  good  observations 
at  the  present  time  would  in  this,  as  in  scores  of  other  cases, 
reduce  the  uncertainty  to  one-third  or  less  of  its  present 
amount. 

This  case  well  illustrates  the  deplorable  uncertainty  of 
the  right-ascensions  of  the  Paramatta  Catalogue.  The 
writer  joins  most  heartily  in  the  opinions  expressed  by  Mr. 
Stoke  in  the  introduction  of  the  Cape  Catalogue  for  1880, 
that  a  new  reduction  of  the  Paramatta  observations  by 
purely  differential  processes,  on  the  basis  of  ample  material 
now  available,  would  probably  furnish  results  of  much 
greater  usefulness  than  the  comparatively  worthless  right- 
ascensions  now  available  in  Richardson's  reduction.  It  is 
very  much  to  be  wished  that  the  custodians  of  the  original 
records  of  the  Paramatta  Observations  (if  these  records  are 


still  in  existence),  would  cause  an  adecpiate  examination  of 
them  to  be  made,  to  ascertain  the  feasibility  and  probable 
value  of  a  new  reduction  in  the  manner  suggested.  The  late 
Mr.  PoGSON  notified  his  intention  of  undertaking  a  new  re- 
duction of  Taylor's  Madras  observations,  which,  it  is  hoped, 
will  be  carried  out  by  his  successor.  It  is  not  improbable 
that  a  new  reduction  of  Piazzi's  observations  upon  a  differ- 
ential basis  may  be  undertaken  in  the  near  future.  I  am 
strongly  of  the  opinion  that  the  accomplishment  of  these 
three  works  would  prove  a  wise  expenditure  of  labor, 
and  that  it  would  place  the  determination  of  proper  mo- 
tion for  southern  stars,  at  least,  upon  a  vastly  improved 
basis. 

It  is  assumed,  for  the  present,  that  the  stars  move  across 
the  sky  uniformly,  in  the  arc  of  a  great  circle  ;  and  in  that 
case  their  motions,  resolved  iuto  motions  of  right-ascension 
and  declination,  cannot  be  uniform.  Consistency  therefore 
requires  that  this  variation  from  uniformity  be  taken  iuto 


N"  254. 


THE     ASTRONOMICAL     J01    USA  I. 


lo7 


account,  whenever  it  is  distinctly  sensible.  This  is  the  more 
important,  because  its  effects  are  practically  systematic  in 
the  discussion  of  any  problem  founded  upon  the  use  of  a 
large  number  of  proper  motions.  The  secular  variations  of 
the  proper  motion  in  the  respective  coordinates  are  bere 
given,  in  the  columns  following  the  values  of  p.  and  ,■>',  and 
in  units  of  the  fourth  and  third  decimal  places  respectively. 
Subtracting  these  from  the  secular  variations  of  the  total 
annual  variation  (computed  in  accordance  with  Hill's  for- 
mulas in  the  star  tables  of  the  American  Ephemeris),  gives 
the  secular  variation  of  the  precession,  which,  again,  is  not 
the  secular  variation  as  ordinarily  computed,  but  includes 
the  effect  of  proper  motion  upon  the  computed  precession  of 
the  star.     By  its  use,  the  precessions  for  other  dates  should 

List  of  Positions  and  Proper  Motions  for  1900 


be  correctly  reproduced  from  the   initial   epoch,  whenever 
terms  of  a  bigher  order  can  be  neglected. 

My  thanks  are  due  to  Captain  !•'.  V.  Mi  N  ub,  Superinten- 
dent of  the  Naval  Observatory,  for  his  obliging  and  prompt 
transmission  of  star-positions  taken  from  the  an  pub 
catalogue  of  the  zone-observations,  by  Gilxjss,  at  Santiago: 
and  also  to  Dr.  1>.  A.  GoOLD,  and  to  Mr.  II.  M.  I'm  i.  of 
the  Naval  Observatory,  for  transcripts  of  star-places  from 
several  catalogues  not  at  my  disposal.  I  embrace  this  op- 
portunity to  acknowledge  my  obligations  to  the  Board  of 
Directors  of  the  Bache  Fund  of  the  National  Academy  of 
Sciences,  for  an  appropriation,  which  has  enabled  me  to 
employ  a  computer  in  the  proper-motion  researches  upon 
which  1  am  engaged. 
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Mag. 

B.A.  1900.0 

Tree. 

See.  Var. 

Decl.  1900.0 

Prec. 

See.  Var. 

Proper  Motion 

f 

s.V.            ,/         s.v.     .,  M          p   . 
0.0000 

75 
239 
536 
1271 

2437 

6.8 
6.8 
6.4 
6.8 
6.5 

0'l9n47!46 

0  48    6.45 

1  45  29.80 
3  49  38.41 
6  41  38.56 

+  28.9273 
+2.9060 
+  2.5934 
+2.5847 

+  2.2614 

— 0."0322 
—0.0110 
—0.0076 
+  0.0027 
+  0.0010 

—51  35  29.2    +r.i.:i77 
—30  54    3.C    +19.612 
—38  54  23.6    +  17.965 
—23  25  30.0   +10.800 
—31  10  47.5  —  3.624 

—0.047 
—0.097 
—.0.176 

—0.327 
—0.319 

+  0*.049 
+  0.055? 
-  0.Q049 
+0.0231 

—0.0143 

+ 

6    —0.81 

3    +0.07? 
1     +0.320 
3    —0.363 

1     —0.329 

—  l  0.55    124.2 

—  l'o. 71  ?    84.4 
0  0.325  849.90 

—  3  0.483 
+    20.3762 

•20. VI 
3122 
4913 
5123 
5319 

5.6 
6.1 
6.2 
7.0 
6.5 

7  39  51.69 
7  55  56.37 

11  46  38.05 

12  17  r.l.oo 
12  49  24.39 

+  1.8642 
+  1.0444 
+  3.0272 
+  3.3188 
+  3.3451 

—0.0012 
—0.0094 

+0.0180 
+  0.0785 
+  0.0370 

—41  55    9.9  —  8.463 
—60    2    7.5  —  9.716 
—30  16  13.2  —20.018 
—  67     5     1.7   — 19.991 
—43  36  12.7  —19.588 

—0.238 
—0.147 

—0.017 
+  0.044 

+  0.122 

—0.001 
+0.076 

—0.0033 

—0.128 

—0.019 

—  7    —0.57 
+   8    +0.07 
+   1    —0.284 
—27    +0.20 

—  2    —0.26 

.57    181.1 

—  90.57      - 
0  0.5 

—  1  0.77    105.1 

—  1  0.33    218.4 

5437 
5892 
6273 
Bb(5291) 
6521 

5.9 

6.3 
6.5 
7.9 
6.5 

13  8    3.57 

14  13  20.24 

15  7  37.94 
15  15  40.64 
15  40  59.50 

+  3.7128 
+  3.4210 
+3.5265 

+  1.17  15 
+  3.9186 

+0.0706 

+  0.0218 
+  0.0203 
+  0.0448 
+0.0282 

—58  31    8.3 
—25  21  52.0 
—24  55  55.1 
—47  33  15.9 
—37  36    0.5 

—  19.171 
—16.758 
—13.698 
—13.176 

—  11.430 

+  0.164 
+0.276 

+  0.377 
'  0.456 

+  0.46G 

—0.035 

—  0.030 

—0.0298 

—0.036 
—0.0351 

+ 

1  —0.20 

2  +0.81 

1    —0.058 

0  —0.28 

1  -0.281 

—  2 
•_> 

—  3 

—  1 

—  1 

o.:;i    238.9 
o.51    307.3 
0.409  261.86 
0.46    23,2.5 
:36. 04 

8267 
8525 
8625 
8733 

8979 

6.6 
7.2 
5.9 
6.9 
6.9 

19  55  32.96 

20  34  27.04 

20  58  54.29 

21  10  47.33 
21  54  57.43 

+  5.9098 
+  3.5479 
+6.2926 

+  1.71711 
t  1.0123 

—0.1026 
—0.0155 
—0.2265 
—0.0909 
—0.0593 

— G7  34  52.4 
—24  27  17.7 
—73  88  58.7 
—61  45  32.2 
53  33  35.5 

+    9.687 
+  12.51  1 
+  11.111 
f-  i  L881 
+  17.140 

+  0.793 
+  0.403 
+0.667 
+0.446 
+0.296 

+0.164? 
1-0.01  I." 
+0.105 

;  17 

—0.006 

+  10    — 0.C7 
+   i    —0.308 

+    1     — o.3s 
+    2    —0.13 
+   4    —0.48 

+  22 

+  2 
+  11 
+    5 

0 

1.15?  125.5 
0.362  1  16.83 
180.5 
0.64     LS2.1 
0.48    L86.4 

9037 
9076 
9 1 1 3 
9 1 1 2 
9210 

5.3 

5.7 
7.5 
5.7 
6.5 

22    4  17.28 
22  11  42.49 
22  17  36.67 
22  18  17.91 

22  .",<;  39.38 

+  3.4933 
+  3.9135 
f- 3.3587 
I  1.0018 
f 3. 5957 

—0.0258 
—0.0607 

0.0191 
—0.0734 

0.0484 

—33    2  22.5 
—54     6  81.2 
—26  20  12.1 
—58  17  89.5 
—47  13  28.5 

t   17.. "..".i 

■f  17.8.-,;, 
1  18.084 
I  18.111 
\  18.741 

+  0.2  11 

+0.251 

I   0   -JOS 

+  0.24. 

+  0.17: 

|  0.0841 
+0.050 
|  0.026 

f 0.01  is 

0.001 1 



+ 
+ 

2    +0.007 

0  —0.68 

1  —0.16 

2  —0.318 

+   2 
+   3 

+    2 
+    1 

o 

0.428 

o. si     117.11 
-     114.6 
161.56 
0.318 

9896 
9641 

6.4 
6.1 

23    7  56.81 
23  19  24.01 

+3.669J  -0.0882 
+3.1268  —0.0261 

—63  18  55.6 
lo  ;,i  26.6 

+  19.5:',7 
4  20.081 

'  o.l  ll 

+0.018 

+  0.0721 
r-0.0334 

• 

0 

0.631  129.1  1 
0.381    84  57 

*  The  declination  of  Lalande'h  /one  appears  to 

•equlre  a  correi  1  Ion  ol 

Albany 

.In  a 

intni  1892. 

ON    THE   SUPPOSED  SECULAR    VARIATION    <  >K    LATITUDES 

isv  s.  i-   en  win  it; 
l  have  read  with   Borne   attention   Prof.  Comstock's  two     phenomenon  or  the  nature  of  it-  relations  to  the  periodical 
articles  on  the  secular  variation  of  latitude-,  without   being      variation.     [  had  hoped  that  some  else  would  point  out  whal 

able  to    see    thai    he    establishes   either    the    existence   of    the       appear  to  he  \\  cak  point-  in  t  he  argument .      Sole.;:. 
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to  be  said,  the  Bubjecl  assuming  imports for  the  reason 

thai  the  alleged  secular  motion  of  the  pole  has  been  mode 
the  basis  for  a  proposition  to  occupy  stations  aboal  110 
east  from  Greenwich,  for  example,  Peking,  Nagasaki  and 
Vladivostok.  Such  an  operation,  to  successfully  eliminate 
tlir  127-day  periodic  variation,  would  involve  a  protracted) 
possibly  a  continuous  latitude-campaign-.  Before  entering 
upon  such  an  outlay  of  money  ami  scientific  effort,  which 
c:ni  ill  he  spared,  with  the  numerous  important  researches 
now  pressing  upon  the  attention  of  astronomers,  it  oughl  in 

he  shown  that  the  eliterpl  ise  is  likely  to  yield  a  fruitful  re- 
sult, which  cannot  be  more  economically"  reached  by  obser- 
vations at  existing  observatories.  I  am  sure  that  Prof\ 
Cohstooe  will  agree  to  this,  and  will  pardon  the  following 
outspoken  expression  of  reasons  why  such  expeditions  as  he 

Suggests    should     not    he    ventured    upon    without    deliberate 

caul  ion. 

To  he  brief  as  possible,  I  will  not  go  into  all  the  topics  <>u 
which    we    fail    to   agree,    hut    confine   these    remarks     to    the 

main  point,  the  existence  of  a  secular  variation  of  the 
amount,  and  in  the  direction  he  indicates.  Without  beating 
about  the  hush,  the  evidence  he  adduces  seems  to  HIC  illu- 
sory. 

We  may  pass  lightly  over  the  European  observations, 
since  tiny  cannot  affect  the  present  discussion  decisively, 
for  obvious  reasons.  However,  it  should  he  said  that, 
eliminating  the  effect  of  the  427-day  variation  from  the  l'ul- 
kowa  latitudes  from  1871-84,  I  get  a  value  for  1882  greater 
by  0".10(i.e.,  18". 50)  than  that  of  Prof.  Comstock,  and  an 
absolute  constancy  of  latitude  for  this  whole  interval  ; 
also,  that  I  have  elsewhere  shown  (H.G.O.  Annals,  XVII, 
137)  that  we  are  uot  by  any  means  sure  that  the  slight  dif- 
ferences between  Peters's,  Gylden's  and  Xykfx's  results 
may  not  be  due  to  personal  equation  entirely  ;  and  further, 
that  there  are  other  important  data  which  might  well  have 
been  included  in  the  discussion.  However,  the  very  small 
observed  differences  in  the  latitudes  of  European  observa- 
tories furnish  no  arguments  on  either  side,  as  to  the  truth  of 
Comstock's  hypothesis.  Coming  to  American  observatories, 
then,  it  seems  to  me  that  lie  is  neither  just  nor  judicious  in 
brushing  aside  so  lightly  the  evidence  of  the  Cambridge  de- 
terminations, which  flatly  contradict  his  hypothesis.  I  re- 
capitulate them  here,  including  one  by  Prof.  Rogers  in  1864 
with  the  prime-vertical  transit,  the  approximate  result  of 
which  he  has  communicated  by  letter,  slating  that  the  de- 
tinitive  value,  which  will  shortly  he  published,  can  hardly 
di  Yer  by  more  than  0".l  or  0".2. 


latitude  during  the  interval  here  comprised,  of  nearly  two 
seconds    (T'.T'.i).    hut   the  observations   show    nothing  of  it. 

COMfi *  says  thai  do  conclusion  can  he  drawn  from  these- 

ibers   until  we    know  more   aboul    the   relative   errors.       I 

di t  Bee  why,  nor  is  it  probable  that  astronomers  generally 

will  agree  with  him.     The  observers  wen-   competent,  tin- 

methods  were  precise,  the  interval   covered    is    more  than  si\ 

times  thai  Of  the  Madis -ircle-oli-ervations.  and  more  than 

twice  thai    of   the    Madison    different  ial    determinations".      <  >n 

the  contrary,  allowing  the  most  extravagant  assumptions  as 

to     possible    error,    this    series    alone    seems    to    damage    the 

hypothesis  hey I  repair. 

As  to  Washington,  Prof.  Comstook  dissents  from  Prof. 
Ham's  mature  opinion  that  there  is  no  proof  of  secular 
variation  at  that  observatory.  I  should  he  inclined,  how- 
ever, respectfully  to  defer  to  Prof.  II  ox's  judgement  in  this 
matter,  even  if  an  independent  examination  had  not  led  to 
the  same  result.  While  skepticism  as  to  the  trustworthiness 
of  the  transit-circle  observations  seems  to  in-  the  fashion, 

there  is  one  important  piece  of    testimony  that    this  discredit 

is  ill-deserved,  to  a  considerable  extent. 

In  discussing  the  observations  of  Polaris  with  this  instru- 
ment",  1866-85,    I    have  been    surprised  to   liml  that  they 

reveal  the  existence  of  the  427-day  periodical  variation  of 
latitude  in  a  most  unmistakeable  and  satisfactory  manner. 
The  series,  treated  in  live  groups,  give  the  maxima  and 
minima  of  the  phenomenon  with  remarkable  fidelity,  as  I 
hope  to  show  in  course  of  the  regular  series  of  articles  on 
this  subject,  now  in  progress  of  publication.  If  it  can  be 
depended  upon  for  this,  it  is  certainly  entitled  to  its  weight 
on  the  question  of  the  secular  variation.  Eliminating  the 
effect  of  the  periodical  fluctuation,  we  find  : 


Bond-Peirce,  prime-vertical, 
Gould,  zenith-telescope, 
Rogers,  prime-vertical, 
Small  almucantar, 
Russian  transit. 
Large  almucantar, 


1*1  1-45      12   22    17.:.:; 

1855  47.61 

1864  47.5 

1883  47.63 

1883  47.45 

1884-85  47.G4 

The  hypothesis   in   question  would  imply  an  increase  of 


1866.6 

38.12 

1878.1 

37.45 

1867.7 

38.45 

1879.3 

38.24 

1868.9 

:;s.:;<; 

1880.4 

37.43 

1870.1 

38.34 

1881.6 

38.47 

1872.4 

38.74 

1882.8 

37.84 

1873.5 

38.72 

1883.9 

37.95 

1S74.C) 

38.24 

1885.1 

37.55 

1875.8 

37.8  J 

1886.3 

38.15 

1876.9 

37.92 

Mean 

38.12 

There  is  certainly  no  sign  here  of  the  increase  of  0".90, 
which  the  hypothesis  would  require  during  this  interval. 

As  to  the  prime-vertical  observations  of  a  Lynn1.  1845- 
48,  I  get  a  latitude  greater  by  0".3  or  0".4  than  Prof.  Com- 
stock's, from  the  same  material.  This  may  be  due  to  the 
fact  that  I  have  eliminated  the  427-day  term  by  taking 
meaus  of  observations  seven  months  apart.  Thus  we  have, 
adding  0".45,  to  refer  to  the  parallel  of  the  transit-circle, 


Usins: 


Gould's  declination, 
Boss's  " 

AUWERS'S  " 


38.56 
38.37 
38.10 
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This  value,  corresponding  to  the  year  1847,  ought  by  the 
hypothesis  to  be  one  and  a  third  seconds  smaller  than  the 
above  mean  for  1S7C,  but  it  is  actually  slightly 
However,  this  argument  is  entitled  to  bill  little  weight.  The 
observations  were  made  by  Maury  ami  another  naval 
lieutenant.  It  was  during  this  very  period  thai  the  former 
boasted,  in  :i  letter,  dated  1847  January  I,  thai  "  he  had 
never  seen  an  instrument  of  tint  kind  before,  and  had  no 
one  with  him  who  had."    The  prime-vertical  observati 

$4,  :il-'>.  were  no1   made  by  the   astronomers  of  the 
atory,  but  by  naval  offlcei 

The  observations  at  Melbourne  (see  this  Journal,  no.  250, 
p.  75)  contradict  the  hypothesis  in  question  in  an  equally 
emphatic  manner.  Situated  146"  from  the  69th  meridian, 
there  ought  here  to  be  an  increase  of  the  southerly  latitude  by 
0".037  annually,  or  about  three-quarters  of  :i  second  from 
1863  ;  .  1SSI,  lull  there  is  nut  :i  vestige  of  it  in  tin-  follow- 
ing table,  where  the  127-day  term  has  been  eliminated. 


1864.2 

53.47 

1873.4 

53.51 

1865.3 

53.09 

1874.6 

53.33 

1866.5 

.",.;.:;  i 

1875.8 

53.38 

1867.6 

53,02 

1876.9 

53.61 

1868.8 

53.48 

1878.1 

53.40 

1870.0 

53.31 

1879.  1 

53.59 

1871.1 

1883.6 

53.39 

1872.3 

53.80 

Mean 

It  appears,  then,  that  the  pp  ilar variation 

depend  entirely  upon  onlj   seven   j  -  with 

tie-  meridian-circle,  and  five  /.'hit  h-ti 
at  the  Madison  Observatory.     This  if 
on  which  to  resl  so  important  a  proposition.    A  '.<■  pi  I 
correction  dependent  on  the  min's  longitude,  such  at 
Cohstoi  k  has  employed,  seems  to  me  as  likely  t< 
ror.     It  certainly 
of  tic    ll'7-day  ti'iiii.      I    desire   further   to 
that,  from  the  commensurability  of  the  latter  term  with  the 
year,  thei  e  i  >ugh1  to  appear,  in  evei 
of  latitude-results,  an  apparent   period  ol  -.     fl 

is  curii  lies    fail    to   exhii.it    t:    - 

nomenon,  and  that  they  are   the  only  good  series  of   like 
observations  yet  scrutinized,  in  which  it  fi 
Probably  Prof.  Comsto<  k,  with  the  full  data  under  hie 
will  be  able  to  furnish  the  explanation. 

There  are  other  interesting  points  on  which  1  would  li 
say  a  few  words,  hut  this  communicat 

In  conclusion,  while  it  is  possible  that  in  course  of  time 
an  actual  secular  variation  of  latitude  m:i\ 
I  cannot    see   thai  then  lit  any  man::-  - 

it-  existence,  cither  in  amount  or  direction,  which  can  . 
us  in  formulating  plans  for  expeditions;  and  bo   Fat 
isting  observations  are  concerned,  it  i-  prematura 
upon  its  character  until  the  law-  of  the  periodic  vi 
are  more  full v  understood. 


iridgi ,  1892  January  2  I. 


OBSERVATIONS  OF  VARIABLE  STARS 

By  X.  C. 
At  my  arrival  in  Upsala,  1889,  I  found  the  observatory 
provided  with  an  old  refractor,  with  i  ood  o  iject-glass  of 
l'  15  mm.,  by  Steinheil,  lmi  mounted  in  a  manner  which  made 
it  quite  unfit  for  all  modern  astronomical  work.  Beside  this 
instrument, and  b  moderate-sized  meridian  instrument,  there 

was  a  refractor,  bj  Troughton  and  si s,  with  objei 

of  100  nun.  The  mounting  of  this  instrument  being  in 
order.  I  resolved  to  use  ii  for  observations  of  variable  stars. 
Some  experiments,  however,  proved  that  the  telescope  of 
this  instrument  was  nol  powerful  enough  for  more  thor- 
ough observations  of  this  kind,  and,  thus,  I  ordered  from 
Messrs,  Reinfei.der  vx  Hertei,  in  Munich,  a  comet-seeker, 
with  an  object-glass  of  162  mm.,  and  a  focal  length  of  146 
cm.  This  instrument  arrived  in  the  Brsl  days  of  October, 
1890,  and  was  the  same  day  mounted  on  the  parallactic  stand 
of  the  Troughton  refractor.  This  telescope  has  proved  to 
be  a  very  line  one.  and  I  have  since  thai  time  observed  all 
the  variable  stars  betweeu  the  north  pole  and  the  thirtieth 
degree  of  north  declination,  and  all  the  stars  of  tin 
type,  which  can  he  observed  here;  also  heside  these  some 
other  stars,  which  seemed  to  me  particularly  interesting. 
These  observations  w  ill  he  continued  to  the  end  of  tin-  year, 


AT  THE  OBSERVATORY  IX  UPSALA, 

DUNER. 

when  I  shall  have    cot  a  new   astro-photographic  n 
with  object-glasses  of  36  and  33cm.,  respectively.     B 
servations  have  already  led  to  the  determination  of  a  i 

of  maxima  and  minima   of   stars,  and    it    is   my    intl  ;  I 
publish,  from  time  to  time,  the  results  in  this  Journal. 
To-day,  1  communicate  the  following: 

l .     / '  ■ 

In   1890,  this  -tar  was  obsi  r\ .  d  9  tine  - 

■.'»'.  and  December  30,  after  which  date  it  vanished  ;  and  21 

times  in   1891  .  from  August    I   |     I  I 

it    for   the  last   time.      In  neither  of   thi 

determined  a  maximum  epoch,  the  star  bl 

sing  at  the  Oral  observation  in  each.      I 
of  the  light-curves  show,  however,  thai  tl  nearly 

280  days,  and  thai  the  nexl   maximum  will  arrive  ii 
1892. 

S 
ibservatious  in  1891  of  this  star  beg  •  late, 

and  continued  from  August    IN  7.     1 

s,  r\  al  ions  '_;i\  e  : 

Max.  1891    lug.   9.         Mac  7  - 
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iii<-  maximum  may  have  arrived  several  days  before  this 
epoch. 

;;.      I!  Am  lis. 

i  ■.-. :  Dty-B've  observations,  from  August  9  to  November  7. 
give,  with  considerable  certainty, 

Max.         1891   Sept.  22.         Blag.    =  8.0 

■l.     RCeti. 
In  1890-1 .  this  Btar  was  observed  12  times  from  November 
20  to  January  10,  and  in  1891 .  1 7  times,  between  September 
24  and  December  21.      The  following  epochs  of  maximum 
were  deduced  : 

1890  Dec.  10;     Mag.  =  7.9 

1891  Nov.    6  ;     Mag.  =  7.9 

The  Brat  epoch  is  well  determined;  the  second  maximum 

may  have  arrived  Bome  days   later,  i bservation   being 

possible  from  November  7  to  December  1. 

5.      R  'fa  ii  ri. 
Eight  observations,  from  October?  to  November  20,  give 
with  considerable  uncertainty, 

Max.  —  1890  Oct.  21  ;         Mag.  =  8.6 

6.        U  Qi'llliimrii  in  . 

1  have  been  particularly  favored  by  success  in  my  obser- 
vations of  this  wonderful  variable,  having  been  able  to 
observe  two  maxima  in  this  year,  both  with  observations  in 
the  ascending  part  of  the  light-curve.  These  observations 
fully  confirm  the  already  supposed  enormous  velocity  with 
which  this  star  rises  to  its  maximum  of  brightness,  the  time 
between  the  commencement  of  increase  and  the  maximum 
being  86  to  60  hours  duly. 

1st  Maximum.  On  tlte  6  January,  1891,  at  a  temperature 
of  —26°,  I  saw.  at  5*  -•'"'.  sidereal  time,  U  in  the  brightness 

d  3  U  2  h 

[(/  and  b  are  comparison  stars,  proposed  by  Winnecke, 
A.N.,  No.  1120.]  The  low  temperature  prevented  further 
observations  on  this  night.  Already  on  the  7th,  the  star 
was  almost  at  maximum.  Unfortunately,  I  was  after  the 
1  1th  instant,  prevented  by  illness  from  continuing  these  ob- 
servations. At  my  request,  Dr.  Charlier  observed  the 
star,  but  only  on  two  nights,  the  12tL  end  the  19th,  and  in 
the  second  observation  he  did  not  strictly  follow  the  method 
of  Aegelander.  This  observation  is  consequently  not  rig- 
orously comparable  with  the  others.  The  resulting  bright- 
nesses of  the  star,  in  steps,  are 


These  obsen  atione 

Max.    =    1891    Jan.   8.:! 


Mae. 


9.0 


Jan. 

G.5 

U  —    3.2 

7.2 

26.6 

7.."i 

29.5 

8. 

32.5 

9. 

30.5 

10. 

29. 

12 

29. 

19. 

26.5 

and  perhaps  a  secondary  maximum  about  January  15.     The 
variation  begau  January  5.8. 

2d  Un.ri  mil  in .     ()n  the  31  October  at  3h. 5,  sidereal  time,  I 
found 

,/  8  V  5  6 

and  have  since  obtained  tin-  following  observations  : 


Oct. 

31.58 

U  = 

5.0 

.57 

G.O 

.62 

8.0 

.67 

9.1 

N"o\ . 

1.46 

27.3 

.54 

29.0 

2.54 

27.8 

4.53 

20.0 

5.46 

15.0 

7.50 

1.0 

Thus  we  have : 

Max.  =  Nov.  1.7 


Mag. 


The  variation  began  Oct.  31'1  l1'  M.T.  at  Upsala. 
The  variation  ended  Nov.     8'1  4h  M.T.  at  I'psala. 

The  character  of  the  variations  in  these  two  cases  is  quite 
different.  The  duration  of  the  first  was  great,  probably 
attaining  almost  the  maximum  duration  indicated  by  Schon- 
feld.  The  second  was  one  of  the  shortest  hitherto  ob- 
served, perhaps  the  shortest  of  all.  Both  agree  in  confirm- 
ing the  extraordinary  rapidity  with  which  the  star  rises  to 
its  maximum  brightness  ;  the  hourly  increase  having  been 
at  least  one  step,  or  the  tenth  of  a  magnitude.  The  obser- 
vations on  October  31,  show  that  this  increase  is  uniform, 
and  not  of  an  explosive  character,  as  we  might  almost  lie 
inclined  to  suppose. 

7.     R  Aquilae. 

1  have  observed  this  star  2G  times  between  1890  Octo- 
ber 5  and  1891  January  10,  and  48  times  between  1891  Au- 
gust 7  and  December  12.     The  results  are 

Max.  =  1890  Nov.  17;         Mag.  =  7.0 
Max.  =  1891   Oct.      8;         Mag.   =  5.9 

In  spite  of  the  great  number  of  observations,  the  first 
epoch  is  by  no  means  very  certain,  because  cloudy  weather 
prevented  all  observations  in  the  first  twenty  days  of  Novem- 
ber. Moreover,  the  only  two  observations  which  could  be 
obtained  in  November  disagree  with  the  others.  The  max- 
imum in  1891,  on  the  contrary,  seems  to  be  as  well  deter- 
mined as  possible.  The  difference  of  magnitude  in  the  two 
years  was  very  marked. 

8.     Z  Cygni. 

Fourteen  observations  were  obtained  between  1890  Octo- 
ber 15  and  1891  January  5,  and  36  from  1891  August  4  to 
November  7.     In  both  years,  the  observations  of  this  star 
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began  later  than  desirable,  and  consequently  the  following 

maxima  are  very  uncertain.     They  are 

.Max.  —  1890  Nov.  2;         Mag.  =  8.5 
Max.    =    L891    Aug.  8;  Mag.   =  8.1 

If  these  epochs  were  correct,  the  period  is  279  days,  and 

the  next  maximum  will  arrive  1892  May  13. 

9.     X  Gygni. 

In  lS'.M),  I   di-tei  mined  -1   maxima  and  2  minima   of    this 

star,  and  in  I  .Sill,  6  maxima  and  7  minima,  viz.  : 


MAXIMA 

1890  ©ct.  24.0; 

Mag 

=  6.3; 

in  Obs. 

O- 

-C 

=  —0.06 

N..v'.  26  5?? 

6.3 

l 

+  0.64 

Dec.  12.0? 

6.3 

5 

—0.26 

Dec.  29.0 

6.2 

5 

+0.34 

1891  Aug.  15.5 

6.3 

5 

+  0.24 

Aug.31.4 

6.3 

4 

—0.26 

Sept.  17.0 

6.2 

6 

—0.06 

Oct.     3.8 

6.3 

7 

+0.34 

(let.     19.3 

6.3 

4 

—0.56 

Nov.    5.6 

6.3 

MINIMA 

6 

+  0.34 

1890  Nov.  21.2?; 

Mag. 

=  7.5  : 

•_> 

Obs. 

O- 

-C 

=  +0d.84 

Dec.     6.4 

7.9 

4 

—0.36 

O— c  =  - 

5 

+  1.44 

1 

+  0.74 

6 

—0.16 

7 

—0.26 

3 

—0.74 

4 

_n.nr, 

1891   Jan.     8.4  :        Mag.  =  7.4 

Aug.  11.2  7.5 

26.9  7.5 

Sept.  11.4  7.5 

27.7  7.5 

Oct.   13.6  7.5 

30.7  7.5 

The  observed  maxima  give  i  ng  formula 

Max.  _   1891   Sept.  17.06   f   I6d.40.  _ 

The  second  and  the  third  maximum,  and  the  first  mini- 
mum in  1890,  are  uncertain;  all  the  dates  in  1891  are,  <>n 
the  contrary,  well  determined.  The  minima  arrivi 
before  the  maxima.  The  residual  errors  are  given  under 
the  heads  of  O  — C.  The  fact,  pointed  out  by  Mr.  Chand- 
ler, viz.,  that  •■  bright  and  faint  minima  alternate,  but  not 
regularly,"  is  shown  in  my  observations  by  the  faint  min- 
imum in  December,  1890.  In  1891,  all  the  observed  minima 
were  certainly  bright.  At  this  time  no  faint  minima  oc- 
curred. 

10.     I!  Vulpecvlae 

Eleven  observations  between  October  ll   and  November 
20,  1891,  give 

Max.  =  1890  Oct.  19;         Mag.  =  8.0 

The  observations  began   somewhat  too  late  for  obtaining 
a  quite  trustworthy  determination  of  the  maximum  epoch. 


DjpsoZa,   1891'  December  31. 


Xi:W   ELEMENTS  AND   EPHEMERIS   OF   COMET  e  ]S!U    [barnabd,  o 

BY   \V.    W.    CAMPBELL. 


By  basing  Mr.  Barnard's  observations  of  Oct.  3,  6  and  ii 
opon  Cordoba  comparison-stars  (Gen. Catal.  9952,  Zone  Catal. 
VII,  4080,  and  Zone  Catal.  VIII,  1196),  we  obtain  tiie  fol- 
lowing apparent  places  of  this  comet: 


Mt.  Hamilton  M.T. 

1891  Oct.  3  16  7 '50 
6  16  15  11) 
9   16  16     5 


App.  a 

7'  27"   o!42 

7  55  20.83 

8  15  15.84 


1pp.  8 

29  17  3.5 
-33  36  I  1.3 
-.",7    1  I    13.2 


From  these  1  have  computed  the  elements  and  ephemeris 

given  below.  The  residuals  for  the  middle  place  are  large, 
imt  cannot  be  reduced  on  the  hypothesis  of  parabolic  motion. 
A  study  of  the  residuals  furnished  by  the  eight  published 
observations  shows  that  the  observed  places  will  lie  much 
better  represented  by  an  orbit  deviating  slightly  from  a 
parabola.  P.ut  the  very  few  observations  at  hand  were 
made  under  unfavorable  circumstances,  and  cover  only  a 
short  portion  of  the  orbit ;  so  that  further  discussion  is  not 
justified  until  more  observations  arc  secured.  It  is  hoped 
that  the  ephemeris  will   assist    in   the  rediscovery   of.   the 

comet. 


El. KM  I  M~. 

T  =  Gf.  M.T.  1891  Nov.  15 

(o  =  26.s  36   2<i.7 

SI   =  217   39   5> 

8  =  77   4  I      3.1 

log  q  =  9.989611 

T  =  Gr.  M.T.  1891  Nov.  I! 

w  =  268  36  20*4  1 

Q,   =  217    in    19.0     1892.0 

i  —  77  44     2.8  \ 

log  (j  =  9.98961 1 

R]  siM  Al  s    FOR    IIII     MlDD)  G  PXACI        I  '    -         I   Omp.  ) 

//.'  =  — l:'. ".:;.  / 

C..Ns|  vms    FOR     IIII      EQ1    ITOB,     I  B9]  .0. 

x  =  [9.904259]r  sin(187    55' 

y  =  [9.892419       Bin(134  28  .8 

z  =  [9.986781  i  r  sin (252     15    54  .8) 

(  mvi  \Ms    FOR    nil      EQ1   ITOR,     1  ^ 

x  =  [9.904188] r  sin(187c  :■:>■  25 
v  =  [9.892477]  r  sin!  134    31      7  .5) 
z  =  [9.936746]  r  sin (252    15    87.7) 
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EPHI  mi  BIS    FOB    <  rBJ  I  HWN  I!     Ml   \N     I  Mil  . 


1892 


1 392 

Jan.  20 
22 

•J  I 
26 
28 
80 
Feb.  l 
8 


\pp-  .'. 

16     9     5 

1 1  l 

12  56 
i  l  89 
16  M 
17-11 

19  0 

20  Id 

21  12 

22  ."- 
22"  7,0 

16  28  26 


log  r 
0.1764 


log  A 
0.2639 


Br. 
0.H 


0.1899      0.2621       0.16 


0.2031       0.2596      0.15 


A  pp.  3 

—30°  16.9 

35  39.3 

85     1.5 

34   28.8 

:;:;    14.7 

;;;;     5.8 

82  26.3 

81    16.4 

31     5.9 

SO  24.8 

29   13.1       0.2410      0.2481       0.1  I 
—29     0.7 


0.2160 


0.2286 


0.2568 
0.2525 


ii.  i; 


0.1  i 


Feb.   13 
15 

17 
19 
•_'l 
28 


29 


App.  a 

16  28  54 

24  L8 

24  28 

2  1  24 

24  18 

24  1 

28  86 

28  l 

16  22  16 


log  r 
0.2580 


log  A 
0.2482 


Bi 
0.18 


.\pp.  i 

—28  17.«; 
27  33.7 
26  19.0 
26  3. 1 
25  16.9 
24  29.5 
23  41.2 
22  51.8 
—22     1.1 

M\    preliminary  orbit,  published  in  the  Science  Observer 
v    96,  was  computed  from  the  observations  of  <  Ictober  2,  3 
and  t,  as  they  are  printed  in  the  Publications  Astrmomical 
fthe  Pacific,  Vol.  III.  p.  378. 


O.-.'ills 


0.2762 


0.2874 


0.2325 


0.18 


0.12 


0.12 


0.2988      0.2211      0.12 


Mt.  Hamilton,  1892  January  12 


Ni:W    ASTEROID. 


A  planet  of   the   eleventh    magnitude  was   discovered    photographically  at    Beidelberg  Nov.  28.     It  has  been  ob- 
served at  Vienna  as  follow-.  : 
L892  Jan.  20.2491   Greenw.  M.T.      «  =  8h  50"  6M,      8=  +22°  17' 34".      Daily  motion,  +  12' in «,  and  2' northward. 


Mr.  Chaelois  has  assigned  names,  as  follows,  to  asteroids  recently  discovered  by  him  : 

305,  Gordoniu  ;         307,  Nike. 


JOHN   COUCH   ADAMS. 


The  telegraph  brought  tidings,  on  January  22,  of  the  death  of 
lineal  mathematician  and  astronomer,  in  his  seventy-second 
year,  after  a  protracted  illness. 

He  was  born,  1819  June  5,  at  Laneast,  a  village  near  Launceston, 
in  Cornwall,  England.  In  1843,  he  graduated  at  Cambridge,  with 
the  highest  honors,  and  soon  afterwards  undertook  the  investiga- 
tion of  the  perturbations  of  Uranus,  and  of  the  position  of  the 
supposed  disturbing  planet,  which  soon  brought  him  high  distinc- 
tion. The  history  of  these  computations,  of  the  conterapora- 
neous,  yei  very  diverse,  ones  by  LeVerrier,  and  of  the  discovery 
of  the  disturbing  body,  forms  one  of  the  most  curious  and  inter- 
esting  chapters  in  the  history  of  modern  astronomy. 

w'w t  residing  in  Cambridge  for  some  years  as  a  Fellow  of  St. 
John's  College,  and  also  serving  for  a  short  time  as  Professor  at 


the  University  of  St.  Andrew's,  Mr.  Adams  was  recalled  to  Cam- 
bridge in  1858,  as  successor  to  Dr.  Peacock.  Subsequently  he  be- 
came the  successor  of  Prof.  Challis  at  the  Cambridge  Obsen  atory, 
where  he  has  since  remained. . 

His  researches  in  planetary  and  lunar  astronomy  were  of  high 
value,  especially  those  pertaining  to  the  secular  variations  of  the 
elements  of  the  Moon's  orbit.  His  Note  on  the  Constant  Term  in 
the  reciprocal  of  the  Moon's  Radius  Vector,  published  in  1878,  dis- 
closed a  singular  property  in  this  term,  which  he  demonstrated 
with  peculiar  elegance. 

Prof.  Adams's  astronomical  activity  was  continued  until  termi- 
nated by  his  failing  health.  His  latest  communication  to  the  Royal 
Astronomical  Society  was  published  in  1890.  in  The  Appendix  to 
vol.  L  of  the  Monthly  Notices. 


CON  T E N T S  . 

Proper  Motions  op  27  Southern  Stars,  by  Prof.  Lewis  Boss. 

Ox  the  Supposed  Secular  Variation  of  Latitudes,  i;y  Dr.  S.  C.  Chandler. 

Observations  of  Variable  Stars  at  the  Observatory  in  Hpsala,  by  Prof.  N.  C.  Dunk 

Ni:w    Elements  and  Ephemeris  i>i   Comet*  ism.  by  Mr.  \V.  W.  Campbell. 

New  Asteroid. 

JOHN  ( !0UCH   Adams. 
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CONTRIBUTIONS   TO    THE   KNOWLEDGE   OF    THE   VARIABLE   STABS, 

By  S.  C.  CHANDLER. 


VI. 


In  the  series  of  papers  with  the  above  title,  here  slightly 
abridged,  and  the  collateral  series  dealing  especially  with  the 
stars  of  the  Algol-type,  the  existence  of  inequalities  in  the 
periods  of  a  large  number  of  variables  has  been  pointed  out, 
and  their  numerical  laws  determined.  I  have  on  hand  the 
manuscript,  nearly  ready  for  the  printer,  of  some  others, 
which  are  held  back  to  incorporate  additional  observations. 
In  addition,  similar  inequalities  have  been  detected  in  many 
other  cases,  partially  enumerated  in  the  preface  to  the  first 
Catalogue  of  Variable  Stars.  These  will  be  subjected  to 
calculation  as  soon  as  the  data  suffice. 

Meanwhile  some  researches  have  been  made  as  to  the 
causes  of  these  heretofore  mysterious  phenomena,  the  re- 
sults of  which  seem  to  possess  interest  enough  to  communi- 
cate. 

1090.     /3  Persei. 

The  inequalities  in  the  period  of  this  star,  and  also  some 
other  phenomena  whose  existence  is  demonstrated  later  in 
this  paper,  are  satisfactorily  accounted  for  by  the  followiug 
theory. 

Algol,  together  with  the  close  companion,  —  whose  revolu- 
tion in  2a  ■_'()''  8  produces  by  eclipse  the  observed  fluctuations 
in  light,  according  to  the  well-known  hypothesis  of  GoOD- 
ricke,  confirmed  by  the  elegant  investigation  oCVogel, —  is 
subject  to  still  another  orbital  motion,  of  a  quite  different 
kind.  Both  have  a  common  revolution  about  a  third  body. 
a  large,  distant  and  dark  companion  or  primary,  in  a  period 
of  about  one  hundred  and  thirty  years.     The  size  of  this 

orbit  around  the  com  DO 'enter  of   grai  il\    is  about  equal  to 

that  of    llramis  around  the  sun.      The    plane   of   the   orbit    is 

inclined  about  20°  to  our  line  of  vision.  Algol  transited  the 
plane  passing  through  the  center  of  gravitj   perpendicular 

to  this  line  of  vision,  in  1  SO  I  going  outwards,  and  in  1869 
(■oining  inwards.  Calling  the  lirst  point  the  ascending  nod.', 
its  position-angle,  reckoned  in  the  ordinary  way.  is  about  65°. 
The  orbit  is  sensibly  circulai ,  or  of  very  moderate  eccentricity. 


The  longest  diameter  of  the  projected  ellipse,  measured  on  the 
face  of  the  sky,  is  about  2" .7 .  A  necessary  consequence  of 
this  theory  is  an  irregularity  of  proper  motion  with  an  ampli- 
tude of  something  over  a  fifth  of  a  time-second  in  right-as- 
cension and  nearly  one  and  a  half  seconds  in  declination  ;  • 
the  middle  point  being  the  center  of  gravity  of  Algol  and 
the  distant  unknown  companion,  ami  the  uniform  proper 
motion  of  the  latter  being  — O'.OOIO  and  -f-0".0120  annually, 
in  the  two  coordinates,  respectively.  The  annnal  parallax 
of  the  star  is  about  0".07.  The  mean  period  of  light-varia- 
tion is  l''1  20°  48"'  56'.00,  and  the  principal  epoch  of  minimum, 
from  which  K  is  counted,  is  1800  Jau.  ld  18"  22'". 0,  Green- 
wich M.T. 

The  proof  of  the  above  propositions  rests,  in  tin  first  line, 
upon  the  inequalities  in  the  period  of  Aig<J.  which  1  have 
already  fully  investigated,  A.J.  VII,  pp.  165—188;  in  the 
second,  upon  the  irregularity  in  its  proper  motion,  which  I 
shall  now  try  to  demonstrate.  Not  withstanding  the  extreme 
delicacy  of  the  problem,  the  evidence  of  -itch  an  irregularity 
seems  to  me  to  be  satisfactory  .  but  if.  as  may  easily  be, 
there  still  remains  reasonable  doubt  about  it  in  conservative 
minds.  I  beg  it  to  In'  observed  that  such  doubts  can  affect 
merely  the  particular  numerical  results,  and  not  the  U  lia- 
bility of  the  hypothesis  itself  :  since  it  may  be  shown,  by  a 
strong  inductive  train  of  reasoning,  irrespective  of  any  re- 
cognizable irregularity  in  proper  motion,  that  the  observed 
disturbances  in  the  times  of  minima,  whose  existence  and 
character  are  as  well  substantiated  :is  any  fad  in  astronomy 
can  be.  require  for  their  explanation  a  perturbation  by  a 
third  body  situated,  with  reference  to  the  other  two,  accord- 
ing to  some  such  general  relations  as  are  outlined  in  the 
above  theory.  The  function  that  an  actual  irregularity  of 
motion  perforins,  if  admitted,  is  to  furnish  extremely  valu- 
able corroborative  proof  on  the  one  hand,  while  on  the  other 

•  This  Is  in \  reason  for  rejecting  the  star  in  the  latitude-results 

f.H-  Cambridge,  .1.  •/..  no,  264,  p. 
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it  enal  lid  the  numerical  values  of  some  of  the 

elements  which  would  be  indeterminate  from  the  variations 
of  the  period  alone. 

As  the  distant  c panion  qr  primary,  whose  existence  ia 

iIims  theoretically  indicated,  may  have  enough  intrinsic  w  re- 
flected lighl  t"  be  visible  in  our  large  object-glasses,  il  is 
worth  while  to  Btate  here  where  it  is  to  be  looked  for.  Ac- 
cording i"  the  orbil  hereafter  given,  the  presenl  position- 
angle  of  the  unknown  body  from  .  llgol  is  32°,  and  its  distance 

is  i'".7i  ill-      1,  where  m  is  the  unknown  mass,  the  com- 

V        m  I 
bined  mass  of  Algol  and  its  close  companion  being  taken  as 

unity.      Thus,    if   m,  =  3,   the  distance  will    be   about    1";    if 

m  =  0.0s,  the  distance  will  be  10",  and  soon.  Only  rude 
guesses  ran  be  made  as  to  the  probable  brightness;  but, 
with  reasonable  assumptions  as  to  albedo,  if  the  unknown 
body  has  no  lighl  of  its  own  and  is  only  equal  to  .1/;/"/  in 
size,  ii  cannot  be  far  from  the  reach  of  the  best  telescopes; 

if  it  is  larger  than  Algol,  or  is  partly  lumi s,  the  chances 

of  seeing  it  under  favorable  conditions  are  enough  to  warrant 
an  earnest  effort  to  do  so. 

Let  us  lirsl  take  up  the  examination  of  the  character  of 
the  proper  motion.  For  this  purpose  the  systematic  errors 
of  the  catalogue-places  have  been  eliminated  by  treating  the 


places  differentially,  taking  the  relative  differences  between 

Algol  and  thirteen  of  the  Pulkowa  Hauptstenu  situated,  in 

il,  within  ten  degrees  of  the  former  in  declination,  and 

within  one  hour  in  right-ascension;  the  stars  being  SO 
selected  thai  Algol  occupies  nearly  the  center  of  the  region. 
These  comparison-stars  are;  0.  ;.  /(.  «.  8,  i.  1",  ..  ,r,  in  Per- 
seus; and  |3  TriangvM,  y  Andromedae,  Il  Arietis. 

If  all  tl mparUon-stars  were  contained  in  every  cata- 
logue used  in  the  discussion,  the  deduced  irregularities  in  the 
proper  motion  of  Algol  would  not  only  be  free  from  their 
systematic  errors,  but  also  from  the  errors  of  the  places  and 
motions  of  the  standard  system  used  as  the  medium  of  com- 
parison, provided  only  that  those  motions  were  uniform. 
But,  since  this  would  materially  limit  the  number  of  the 
comparison-stars  available,  it  was  thought  best,  at  leasl  in 
this  preliminary  discussion,  not  to  adhere  rigorously  to  the 
met  hod  in  this  respeel .  but  to  use  all  of  the  above  stars  found 
in  each  catalogue,  in  determining  the  correction  to  be  applied 
to  Algol's  place.  The  method  did  not  require  that  the  selec- 
tion of  the  catalogues  should  be  limited  to  those  containing 
absolute  place's.  This  will  suffice  for  general  description  of 
the  process;  more  particular  explanations  will  follow  in 
their  appropriate  connection. 
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7 
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5 
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6 
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+  .039 
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—  .031 
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—  .061 
+    .141 
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—  .155 

—  .074 

—  .071 
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—  .095 
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Algol:  —  in.'  i  iN.vTiux. 


Authority 


Epoch 


Bradley 1754. 

d'Agelet 1784 

Piazzi 1803 

Groombridge 1810 

Bessel 1821 

Strove 1824 

Pond 1831 

Cambr.  (Airy) 1834 

Rumker   .    .' 1836 

Cambr.  (Challis)  ....  1837 

....  1838 

....  1840 

Greenwich 1840 

Edinburgh  (41-42)    .    .    .  1842. 

Radcliffe 1845. 

Bond-Peirce 1845 

Paris  1 1846. 

( J-reenwicb 1846 

Polkowa 1845 

Greenwich 1851 

Cambridge 1851 

Radcliffe 1859 

Greenwich I B59. 

Brussels 1862 

Paris  II 1862. 

Greenwich 1864. 

Pulkowa 1865 

Bonn 1866 

Leipzig 1867 

Leiden 1869. 

i  rreenwich 1872. 

Paris  III 1874. 

Rogers 

Pulkowa 1876. 

Greenwich 1879. 

1883 

Washington  (82-86) ...  1885. 
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1860 
1864 
1875 

1870 
1872 
1875 
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1880 
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15 
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in  28.6 
lti  27.ii 
12  51.56 
15   15.40 
17  38.72 
40.8 
10.28 
2.33 
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13.1 
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22  25.31 
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4  7.38 
25  15.7 
2  1  17..". 

25  14.01 
28  20.21 

26  13.74 
12.7s 

27  9.82 
38.63 

28  20.7 
20.20 
20.3 

21'  31.82 
30  1  1.08 
30  U.85 
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- 

—1.35 
—0.52 

—  .64 

—  .40 

—  .99 

—  .84 

—  .41  [17 
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.00 
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.00 
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—0.19 

—  1.20*  21 
—0.47   19 

—  .06   20 
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4-  .01   20 

—  .08  i 
.00   20. 

—  .15   21. 


—  .50 

—  .69 

—  .43 
.00 

+  .19 

—  .10 

—  .40' 
+  0.10 


.84 

3 

.78 

2 

.65 

3 

.41 

3 

.15 

1 

.63 

10 

.13 

7 

.21 

10 

.35 

.04 

7 

.11 

8 

.49 

7 

.27 

10 

.20 

10 

.49 

;i 

88 

8 

.38 

8 

.37 

6 

—1.13 
—0.24 

—  .12 
+  .33 

—  .23 

—  .49 
+  .94 

—0.57 
+  .26 

—  .05 

—  .23 

—  .03 

—  .54 

—  .11 

—  .74 

—  .92 

—  .29 

—  .28 

—  .34 

—  .5.5 

—  .76 
—0.59 

—  1.11 
—1.07 
—1.03 

—  1.22 

—  M.S.-, 

—0.82 
—1.06 
—1.13 

—0.49 
—1.02 
—1.05 


0 


—3.44 

—  1.7G 
—1.44 
—0.50 

—  .78 

—  .  16 
+  .67 

[—3.22] 
—0.68 
+  .17 

—  .09 

—  .27 
.00 

—  .41 

—0.60 
+  1.04 
—0.19 

—  .03 
+  0.91 

—  1.07 
—11.27 

—  ."I 

—  .50 

—  .7.2 

—  .41 


—  .54 

—  .10 
+  .01 

—  .18 

—  .24 
-  i  : 

+  .52 
■ 
■i  0.12 


+  .10 
+  .83 
•  - 
—0.04 
+  1.37 
+  0.96 
[-2-67] 
—0.16 

+  .16 
+  .35 
—0.15 

—0.37 
+  1.29 

+  0.09 

+  1.01 

—  1.22 
—D.44 

—  .28 

—  .81 

—  .7."i 

—  .7:: 
+  .40 

—  .92 

—  .55 

—  .7.1 

- 

—  .58 

—  .23 

—  .7s 

-- 


—0.69 

—  .02 

+  .66 
+  .68 
+  .66 

• 

-  .45 

+  .32 


+  .13 

+  .16 

—  .04 

—  ."4 
- 

—  .32 

—  .47. 

—  .46 

—  .51 

—  .62 

—  .65 

—  .65 

—  .69 
—0.69 


Tlir  above  tables  contain  the  data  used  in  discussing 
the  proper  motion.  The  first  five  columns  need  no  remark. 
Tlir  sixth,  headed  "  Correction,"  is  the  mean  value,  for  the 
several  stars  and  catalogues,  in  the  table  given  al  the  end  <>f 
this  article.  This  latter  table  was  formed  by  taking  the 
differences,  U — < '.  between  the  catalogue-places  and  Ai  wers's 
Fundamental-Catalog  reduced  to  the  date,  assigning  weights 

a-  follows  : 


Obs. 

Wl. 

Wl 

1 

1 

12-17 

i 

2 

7 

3    1 

- 

5   7 

1 

s     1  1 

5 

..\ er  50 

10 

For  a  few  authorities,  indicated  above  by  au  asterisk,  the 
table  di  tain  the  data  for  the  corrections;  which, 

however,  were  assigned  on  the  same  principles  as  in  the  othet 
cases. 


Tin-  seventh  column  gii  rved  place,  so  corrected 

reduced  to    1875.0,  without  applying  proper  motion.     The 
weights  in  the  eighth  column  were  found  by  mnltiplyii  . 
catalogue-weights,  presently  given,  by  the  numb 
vations,  and  entering  the  table  just  given  with  the  product. 
These   catalogue-weights    are:    for    catal 
generally  (2),  except  Paris  It  ;  forcatah  _ 

generally  i  i   .  S  ri  \  i    and  1  I     -  ,  Rum- 
ker, Groombr i.    Piazzi    and   Acwers's  Bradley, 

and  d'AGI  i  I  i 

The  ninth  and  tenth  columns  of  the  table  <■!'  declii 
are  added  to  bring  out  perspicuously  the  fact  that  I 
sumption  of  uniform  proper  motion  is  incompatible  with  the 
observations.     Thi  i    comparison    «i 

value-  10°  -  satisfy  the 

data  early  in  this  century  tolerably  well,  but  li  r 
deviations  of  a  second  in  all  the  more  modern  oi 
in  Bradley's  time.      The  second,  (II   .    a 
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thevaluea40  28'  20"\44  0".0180  (t— 1875),  found  from  a 
least-square  solution  of  tbe  data  Bince  1840,  and  displays 
evidence  of  system  in  the  deviations,  even  in  the  group  from 
which  ii  was  derived,  and  egregious  discordances  in  the 
earlier  observations,  also  of  a  progressive  bind.  Indeed, 
whatever  way  the  facts  are  examined,  we  find  a  marked 
change  of  Bign  in  the  proper  motion  in  declination  near  the 
middle  of  the  century  ;  also  an  inequality  in  the  right-ascen- 
sion near  the  beginning  of  the  century,  which  cannot  be  ac- 
ooonted  for  by  errors  of  observations.  ,  ^,. 


The  last  two  columns  "ill  be  better  understood  later  in  t h<r 
article,  bul  ii  may  be  well  to  stale  here  thai  (>  is  the  devia- 
tion of  the  observations  from  the  uniform  proper  motion 
hereafter  deduced  for  the  center  of  gravity  of  the  Bystem, 

and  <    is  tbe  corresponding  representation  by  tbe  provisi il 

orbil  of  Algol  around  this  center,  which  results  from  the 
variations  of  the  times  of  tbe  light-minima  and  the  deviations 
of  the  star's  place  from  uniform  motion. 

Owing  to  wanl  of  room  In  this  number,  the  remainder  of  Dr. 
Chandler's  communication  is  delayed  until  the  next.  —  i;. 


<>.\    THE   SUPPOSED   SECULAR  VARIATION    OF  LATITUDES." 
A  REPLY  TO   MR.   S.   C.   CHANDLER. 

By    GEORGE     C.    COMSTOCK. 


The  article  by  Mr.  S.  C.  Chandler,  in  no.  254  of  tliis 
Journal,  bearing  the  above  title,  calls  for  reply  from  me  ; 
which  I  shall  here  present  as  briefly  as  possible,  since  the 
details  of  my  investigation  so  far  as  they  relate  to  American 
observations  are  soon  to  be  published  elsewhere.  Passing 
over  those  matters  of  difference,  which  though  included  in  his 
paper,  Mr.  Chandler  himself  designates  as  immaterial,  I 
take  up  liist  the 

Cambridge  Observations.  Mr.  Chandler  includes  in  his 
table  of  Cambridge  latitudes  one  result  to  which  I  have  not 
hitherto  had  access,  the  Rogers  determination  of  1864, 
although  I  have  made  direct  application  to  Prof .  ROGERS  and 
to  the  Director  of  the  Harvard  College  Observatory,  neither 
of  whom  were  able  to  furnish  it  to  me.  This  determination, 
being  made  by  transits  over  the  prime  vertical,  may  be  as- 
sumed comparable  with  the  Bond-Peirce  determination  of 
1845,  and  deserves  to  be  taken  into  account;  but  1  must  -till 
maintain  that  no  proper  comparison  can  be  made  between 
the  almucantar,  zenith-telescope  and  prime-vertical  work. 

I  infer  from  the  tone  of  Mr.  Chandler's  paper  that  he  has 
considered  this  opinion  as  in  some  way  derogatory  to  the 
capacity  and  skill  of  the  observers,  and  I  take  this  occasion 
for  disclaiming  any  such  intention  and  of  saying,  what  it  did 
not  then  appear  necessary  to  say,  that  latitude-results  ob- 
tained by  experienced  observers,  using  good  instruments  and 
approved  methods,  will  frequently  show  most,  surprising  dis. 
crepancies  when  the  results  of  different  methods  are  com- 
pared. Thus  to  cite  a  recent  instance,  I  select  from  the 
volume  of  Astronomisch-Geodatische  Arbeiten  I.  Ordnung 
published  by  the  Royal  Prussian  Geodetic:  Institute  in  1889, 
p.  23 j.  the  following  determinations  of  the  latitude  of  Kiel  : 

o  r       it  ■  '■  1^7 

From  zenith-distances,     54  20  28.71±0.05   duly  12-28 
•'  prime-vertical,  28.18±0.04    Aug.    1-18 

"  Horrebow(Talcott) method    27.65±0.05       "  23-Sep.21 

These  apparently  excellent  results  differ  among  themselves 
by  more  than  twenty  times  their  probable  errors,  and  the  ex- 


perience furnished  by  the  Prussian  geodetic  work  indicates 
that  systematic  differences  between  the  results  furnished  by 
different  methods  are  to  be  regarded  as  the  rule  rather  than 
the  exception,  [see  p.  155  of  the  volume  cited.]  I  infer  that 
such  systematic  differences  may  as  well  exist  among  American 
as  among  European  observations,  and  that  neither  variation 
nor  permanence  of  latitude  can  be  shown  from  the  hetero- 
geneous Cambridge  data,  however  small  their  probable  errors 
may  be. 

It  will  not  escape  notice  that,  among  other  points  at  which 
my  numerical  results  differ  from  those  of  Mr.  Chandler,  is 
the  latitude  of  Cambridge  furnished  by  the  Bond-Peircb 
work  of  1844-45.  I  have  not  been  able  to  give  this  work  a 
thorough  revision  :  but  I  have  endeavored  to  eliminate  from 
it  the  effect  of  some  errors  which  seem  to  have  escaped  Mr. 
Chandler's  notice  in  his  treatment  of  it  (Annals  H.G.O. 
Vol.  XVII).  Peirce,  in  his  discussion  of  the  observations, 
neglects  the  azimuth  of  the  instrument  until  the  close  of  his 
paper,  where  he  shows  that  it  amounted  to  37"  and  that  the 
correction  due  to  this  deviation  is  insensible.  This  is  true 
for  results  depending  upon  transits  over  both  verticals,  but 
it  is  not  true  of  results  derived  from  east  or  west  observa- 
tions only.  A  considerable  number  of  such  cases  occur  in 
the  work,  and  I  am  unable  to  find  that  any  correction  for 
azimuth  has  been  applied  to  them,  although  1  have  not 
duplicated  the  computations  to  determine  whether  such  a 
correction  has  been  introduced  without  specific  note  being 
made  of  the  fact.  These  incomplete  observations  I  have  pro- 
visionally excluded  from  the  final  result.  A  more  serious 
source  of  difference  between  Mr.  Chandler's  result  and  mine 
lies  in  the  treatment  of  the  observations  of  §  Persei  which  he 
rejects  because  discordant.  I  have  discussed  the  declina- 
tions of  |S  Persei  and  y'Andromedae,  making  use  of  anthori- 
ties  ranging  from  Adwers's  Bradley  to  tbe  Ten-Year 
Catalogue  and  Madison  observations  of  18S5,  with  the  fol- 
lowing results  for  the  epoch  1845.0,  referred  to  Auwers's 
declination-system  ; 
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p1  Persei,  40  21    13.50 ±0.10 

y' Andromedae,       41   34  57.65±0.09 

Using  Auwers's  declinations  of  the  other  stars,  and  em- 
ploying only  transits  over  both  verticals,  I  obtain  the  follow- 
ing latitude  results  : 


Stal- 

Obs. 

<f" 

Weight 

ed  Lyrae, 

4 

47.65 

4 

fj  Persei, 

5 

46.62 

4 

•/  Andromedae, 

9 

48.02 

6 

ft  Urs.  Maj., 

6 

47.61 

4 

8  Can.  Ven., 

3 

47.05 

3 

Adopted 

47.47 

±   0".19 

Reduction  to  dome, 

—  0.47 

Latitude  of  dome, 

47.00 

1845.0 

"          (Rogers), 

47.5 

1864 

Annual  variation  of  $s 

+  0".03 

±  0".013 

Since  Mr.  Chandler  states  that  Rogers's  result,  as  he 
prints  it.  can  hardly  differ  from  the  definitive  value  by  more 
than  0".l  or  0".2,  I  adopt  0".15  as  the  probable  error  of  the 
provisional  result  with  which  the  p.e.  of  the  annual  variation 
has  been  computed.  The  Cambridge  observations  therefore 
indicate  a  secular  variation  of  latitude  which  agrees  substan- 
tially with  that  observed  at  Madison  and  Washington.  This 
conclusion  will  not  be  sensibly  modified  by  adopting  Mr. 
Chandler's  own  discussion  of  the  observations  of  1845,  if 
his  result  from  0  Persei  is  retained. 

Washington  Observations.  It  does  not  appear  profitable 
to  spend  much  time  upon  a  discussion  of  the  results  furnished 
by  the  Washington  transit-circle.  Upon  Mr.  Chandler's 
own  showing,  he  has  been  unable  to  so  adjust  them  as  to 
bring  the  maximum  discrepancy  between  the  adopted  nuan 
results  for  consecutive  years  below  a  second  of  arc.  This 
points  plainly  to  the  presence  in  the  data  (if  undetermined 
sources  of  systematic  error  and  it  has  been  elsewhere  shown 
that  these  systematic  errors  are  fairly  constant  for  a  year  but 
change  per  solium  when  the  instrument  i>  reversed.  That 
the  observations  furnish  indications  of  a  periodic  variation 
of  latitude,  not  differing  much  from  a  year  in  length,  can 
therefore  furnish  no  assurance  that,  the  mean  results  of  dif- 
ferent years  are  comparable.  A  discussion  of  these  sources 
of  systematic  error  is  contained  in  a  recent  paper  by  Prof. 
Newcomb,  Astronomical  Papers,  etc.  Vol.  II:  Part  VI. 
The  North  Polar  Distances  of  the  Qre<  nwich  and  Was) 
Transit  Circles  "»</  the  Constant  of  Nutation.     Among  the 

Contusions  reached  in  thai   paper  are  the  following:    pp.   162, 

403.  »  *  «  »  "The  observations  made  by  reflection 
from  quicksilver  are  subject  to  huge  systematic  errors  vary- 
ing from  year  to  year  in  a  way  I  hat  il  is  difficult  I"  account 
for  or  to  reduce  to  any  well  marked  law." 

"  The  much  greater  discordance  of  the  reflex  than  of  the 
direct  observations  shows  that  the  former  should  be  entirely 
thrown  out,  so  far  as  absolute  north  polar  distances  arc  con- 


cerned." Mr.  Chandler  has  grouped  bis  data  in  such  a  way 
that  it  is  difficult  to  compare  his  results  with  those  published 
in  the  annual  Washington  volumes;  but  -a  sufficient  number 
of  coincidences  in  time  can  be  found  to  show  that  he  has  not 
rejected  the  reflex  observations.  Ii  is  of  course  his  privilege 
to  exercise  an  independent  judgement  in  the  discussion  of  his 
data,  but  when  he  dissents  from  the  published  COnclusi 
other  investigators,  it  is  surely  incumbent  upon  him  to 
ii  his  reasons  for  so  doing.  Following  Prof.  Ni w- 
COHB  in  the  rejection  of  the  reflex  observations,  I  take  from 
the  Washington  Observations  of  1886  the  following  annual 
results  for  latitude  : 


1866 

38.73 

1877 

39.14 

67 

39.16 

78 

38.07 

68 

38.69 

79 

40.41 

69 

38.62 

80 

36.36 

70 

.".s.71 

81 

1-72 

39.1  1 

82 

37.70 

7;; 

38.91 

83 

39.83 

74 

38.81 

84 

75 

39.22 

85 

40.16 

76 

38.64 

86 

38.07 

These  may  be  considered  as  still  requiring  correction  for 
the  127-day  period,  but  their  most  urgent  need  is  the  detec- 
tion ,ji nd  elimination  of  the  systematic  errors  which  affect 
them.  The  only  inference  which  1  am  able  to  draw  from 
them,  in  their  present  condition,  is  that  the  latitude  has 
probably  not  changed  more  than  three  Or  four  seconds  during 
the  period  over  which  they  extend. 

The  treatment  of  the  data  furnished   by  the  prime- vertical 
trausit     requires     more     careful     examination.        Here     M 
CHANDLER  rests  his  whole  case  upon  the  latitude  furnished  hv 

the  1845-48  observations  of  «  Lyrat . 

Sit-Circle  work;  i.e.  he  turn8  his  back  upon  the  most  cogent 
evidence  adduced  in  behalf  of  a  variation  of  latitude,  and 
docs  not  even  refer  to  its  existence  save  by  a  reflection  cast 
upon  the  capacity  of  tin'  observers.  Against  this  treatment 
I  must  protest.  The  results  of  observation  are  entitled  to 
be  considered  upon  their  own  merits  aid  no  Code  of  ethics 
can  justify  the  condemnation  of  an  Observation  solely  be- 
cause it  was  made  by  a  naval  officer.  Mi.  CHANDLR 
not  profess  to  have  examined  01'  ever  1"  have  Si     -i  I 

vatious  of  1882  84  upon  which  he  thus  sets  the  stamp  of  his 
disapproval  by  crying  Naval  Officer!  1  ti ml  from  a  discus- 
sion of  104  observations  of  a  Lyrat  made  in  1883-84,  with- 
out correction  for  periodic  change  of  latitude,  that  the 
probable  error  of  a  single  observation  i^  ±0".2o.  A  large 
pait  of  these  observations  were  made  when  the  sun  was 
above  the  horizon,  and  these  may  reasonably  be  presumed 
less  precise  than  observations  made  at  nig 
this  Journal).  From  a  discussion  of  all  the  data  in  my  pos- 
session, 1  lind.  as  the  probable  error  of  a  single  observation 
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of  this  Bevies,  ±o".l7.  which  seems  sufficiently  Bmall  i"  en- 
title  i  lit-i ii  to  some  consideration. 

rn  one  of  the  articles  which  constitute  the  subject-matter 
of  Mr.  Chandler's  criticism  I  have  published  a  comparison 
of  the  results  furnished  by  nine  stars  of  the  Fundamental 
Catalog,  observed  at  the  mean  epochs  1*17  and  1888.  Thai 
trison  I  liave  since  extended  so  as  to  include  -ill  of  the 
1888  data  which  are  accessible  to  me,  and  I  reproduce  ii  here, 
modified  by  subsequent  discussion. 

1847  1888 


Star 


R.  \. 


Obs. 


Obs. 


J« 


fi  Andromedae,  ^  0  50  II  87.49  28  89.12  +1.63 

Gr.  1450,                8  25  2  37.67  24  88.11  +0.44 

10  Leo  i.  '/   i  .      9   27  2  37.28  10  88.64  +  1.41 

31   Leon.  Mn.,     10  21  5  37.19  23  39.11  +"l.92 

IT  //  Can.  Ten.,    13  29  3  37.01  13  38.95  +1.94 

nHerculis,            17   11  5  37.25  28  38.75  +1.50 

e  Here,  C            17  13  3  37.75  24  38.86  +1.11 

culis,            17  52  3  36.94  19  89.09  +2.15 

a  Lyi                     18  33  192  37,24  122  38.89  +1.65 

B.A.C.  6365,  C-18  36  1  [40.86]  19  38.89  —1.97 

10  Cygni.,  C         20  23  2  38.19  17  38.77  +0.58 

in  Lacertae,         22  34  8  37.46  38  88.92  +1.46 

Tin'  declinations  and  proper  motions  of  all  stars,  save 
in  whose  names  the  letter  C  is  appended,  have  been 
taken  from  the  Fundamental  Catalog  of  Auwers.  The  re- 
maining three  have  been  determined  by  myself,  and  have 
been  reduced  to  Attwers's  system.  The  proper  motion  of 
B.A.C.  6365  is  very  poorly  determined,  depending  mainly 
upon  the  first  Radcliffe  Catalogue,  although  modern  deter- 
minations give  the  declination  for  the  epoch  1888  with  con- 
siderable  precision.  Although  it  was  observed  only  once  in 
1847,  I  include  it  in  the  summary  of  data. 

Mr.  Chandler  states  that  he  obtains  from  the  observations 
of  «  Lyrae  "a  latitude  greater  by  0".  3  or  0".4  than  Prof. 
(  OMSTO<  K  l'i< mi  the  same  material.''  —  a  statement  which  is 
not  entirely  correct,  since  I  have  included  in  my  determina- 
tion 17  observations,  made  in  1849-50.  which  Mr.  Chandler 
rejects.  Their  effect  is  to  diminish  the  latitude.  I  know  no 
reason  for  preferring  Air.  Chandler's  result  to  my  own.  but 
1  am  willing  to  accept  it  provisionally,  and  to  compare  it 
with  subsequent  prime-vertical  observations  of  the  same  star, 
but,  not  with  the  transit-circle  work.  This  comparison  fol- 
inl  1  must  Kave  to  others  the  task  of  interpreting  these 
figures  upon  tiny  other  hypothesis  than  that  of  a  variation  of 
lati    lde. 

1847  1864  1883 

Seconds  of  <p,  37.65         36-12         38.89 

No.  of  obs..  175  136  122 

Prob.  Err.  one  obs.,  ±0".34      ±0".17      ±0".25 

I  entirely  agree  with  Mr.  Chandlee  in  the  statement   that 
the  precision  of  the  earlier  prime-vertical  work  is  much  in- 


ferior to  that  <>f  the  later  observations,  an  inferiority  due  in 
part  t"  the  larger  accidental  error  affecting  the  work  of  un- 
trained observers,  ami  in  pari  in  systematic  differences  be- 
tween them.  The  accidental  errors  are  of  small  consequence, 
since  the  observations  are  sufficiently  numerous  in  eliminate 

them:  bill  then  may  be  ground  for  supposing  that  I  he  ap- 
parent variation  of  the  latitude  is  due  mainly  to  systematic 
errors  affecting  these  observations.  If  such  errors  air 
present,  ii  is  difficult  in  see  how  they  could  produce  an  equal 
effect  upon  stars  in  different  declinations,  unless  they  arise 
from  errors  in  the  level  :  but  the  inclination  of  tin-  axis  was 
at  all  limes  small,  varying  from  plus  to  minus,  ami  the  iu- 
equality  of  the  pivots  is  completely  eliminated  by  the  method 
of  observing.  The  most  dangerous  sources  of  error  in  ob- 
servations of  this  kind  arise  from  variations  of  the  azimuth 
of  the  instrument  and  of  the  clock-rate,  and  we  are  fortu- 
nately able  to  show  that  serious  errors  of  this  kind  do  not 
affect  the  observations  of  1845-50.  Tin-  effeel  of  such 
sources  of  error  upon  the  latitude  is  approximately  propor- 
tional to  sin(y — el)  and  I  have  therefore  divided  the  avail- 
able data  into  zones  of  declination,  from  which  I  obtain  the 
following  values  of  the  latitude: 


Limits 

No.  Stars 

if 

I'.  B. 

39°  .    .    .  36° 

111 

37.40 

±0''05 

36  .    .    .30 

16 

36.97 

±    .14 

30  .    .    .20 

9 

37.49 

±0.20 

While  some  systematic  error  may  be  present  in  these  ob- 
servations, it  is  manifestly  much  less  in  amount  than  the 
difference  in  the  latitudes  observed  at  different  epochs. 

Melbourne  Observations.  I  have  not  access  to  the  data  and 
am  therefore  unable  to  formally  judgement  in  regard  to  Mr. 
Chandler's  discussion  of  them. 

Madison  Observations.  The  only  criticism  made  upon 
these  by  Mr.  Chandler  is  that  they  do  not  show  the  427-day 
period,  ami  that  the  introduction  of  an  .annual  period  into 
the  latitudes  "seems  as  likely  to  introduce  as  to  eliminate 
error."  Taking  the  second  part  of  the  criticism  first,  I  reply 
that  the  Madison  meridian-circle  observations  from  1883  to 
1890  clearly  indicate  that  in  the  first  half  of  each  year  (save 
1886  for  which  there  are  no  data)  the  latitude  was  greater 
than  in  the  second  half  and  within  this  period  an  annual 
variation  appears  to  me  justified.  But  it  should  not  escape 
notice  that  the  effect  of  the  annual  variation,  as  1  have 
applied  it,  is  to  diminish  tin'  secular  change,  and.  if  it  be 
omitted  and  a  4  27-day  period  introduced,  the  secular  varia- 
tion will  be  increased. 

I  may  lie  permitted  to  slate  here  that  I  have  diligently 
sought  to  fit  a  427-day  period  to  the  Madison  observations, 
and.  like  Mr.  Chandler,  I  have  failed  in  the  attempt;  but 
in  one  respect  my  experience  has  been  unlike  his.  I  have 
discussed  the  Berlin,  Potsdam,  Prague  and  Pulkowa  latitude- 
observations  of  1889-90  (Astr.  Nachr.  3025,  3055),  with 
reference  to  such  a  period,  and  find  that  they  are  fairly  well 
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represented  by  it  or  rather  by  one  of  122  days.  The  simul- 
taneous Madison  observations  are  also  fairly  well  represented 
by  the  expression  derived  from  the  German  and  Russian 
work,  but  it  will  no)  lit  the  earlier  Madison  observations,  nor 
the  Berlin  observations  of  1885,  nor  Mr.  Chandler's  swn 
work  of  that  dale.  Thus  in  Mr.  Chandler's  notation,  save 
that  /.  is  reckoned  from  Berlin,  the'Berlin,  Potsdam,  Prague 
and  Pulkowa  observations  furnish  the  equation 
f=-f0  —  0".25  cos[Jl+(<—  T)0],    r=2411406,     0=l\\f 

In  No.  24!)  of  this  Journal,  Mr.  Chandler  states,  in  dis- 
cussing the  Berlin  work  of  1885,  that  the  epoch  of  mini- 
mum latitude  "  probably  occurred  in  January  or  Fein  u: 
1885"  while  the  above  expression  places  it  on  1885  June  25, 
or  June  5  using  the  427-day  period:  i.e.  if  the  epochs  of 
maximum  and  minimum  latitude,  determined  from  these  ob- 
servations, be  carried  back  five  years  by  means  of  a  127-day 
period,  they  will  put  a  maximum  latitude  near  the  point  at 
which  a  minimum  was  observed  and  a  minimum  near  a 
maximum. 

To  slightly  vary  the  form  of  statement,  Mr.  Chandler's 
alniucantar-observations  show  (in  excellent  agreement  with 
the  Madison  work)  that  the  latitude  of  Cambridge  was  a 
minimum  about  Oct.  1,  1884.      Using  a  427-day  period,  and 

Tecting  for  longitude,   this  should   make  the  latitude   of 

Berlin  a  minimum  on  1889  .Sept.  13  and  1  .s;»0  Nov.  14,  while 
observation  shows  that  on  the  first  of  these  dates  the  instan- 
taneous value  of  the  latitude  exceeded  the  mean  value  by 
+  0".30,  was  a  maximum  instead  of  minimum,  and  on  the 
second  date  was  very  slightly  in  excess  of  the  mean.  This 
admirable  series  of  observations  ought  therefore  to  be  in- 
cluded in  Mr.  Chandler's  statement  that  the  Madison  ob- 
servations, ''are  the  only  good  series  of  like  observations 
yet  scrutinized  in  which  the  427-day  period  fails  to  be  mani- 
fest." 

In  view  of  these  cii cumsl ances,  I  cannol  consider  it  a 
serious  reproach  to  the  Madison  observations  thai  they  do 
not  show  a  427-day  period  :  and  since  Mr.  CHANDLER  makes 
a  direct  appeal  for  explanation  of  this  fact,  I  do  not  hesi- 
tate to  say  that  I  am  satisfied  thai  no  such  periodic  variation 
existed  between  L  885  and  1890.     The  evidence  presented  by 

Washburn  Observatory,  1892  February  2. 


Mr.  Chandler  for  the  existence  of  such  a  periodic  I 
certain  epochs  seems  to  me  exceedingly  Btrong,  when  con- 
fined to  the  (bit.-,  com  nd  by  his  data,  but   there   is   nothing 
in  the  data  which  requil  • 

a   permanent    feature   of   the   earth's   dynai 
may  be  extrapolated    beyond   tin'    limits    of  tin-  data  from 
which  it  was  derived.      Mr.  CHANDLER  has  himself  ind 
that  both  the  period  and  tin-  amplitude  an-  variable,  and  the 
data  exhibited  above  seem  to  indicate  lha 
the  variation  was' nol  the  same  between  1885  and  18  0 
some  earlier  epochs. 

The  error  of  most   serious  consequence,  contained  in  Mr. 
Chandler's  paper,    remains   to  be  very  I 
Referring  to  the  secular  variation.  I  nature 

to  speculate  upon  its  character  until  the  laws  of  the  periodic 
variation  are  more  fully  understood."    No  evidence  hi  - 
adduced  from  any  quarter  to  show  the  existem 
odic  variation  whose  duration  is  greater  than  sixteen  months, 
or  having  a  coefficient  greater  than  I 
maximum  values,  the  mean  result    of  such  a  seril  - 
vations  as  that   of   the  Washington    prime-vertical   transit  in 
any  of  its   periods   of   activity,  under  the    mosl    unfavorable 
supposition  that  can  reasonably  be  made  regarding  I 
tribution  of  the  observations,  cannot  be  affected  by  the  peri- 
odic variation  to  the  amount  of  0*.25  while  the  difference  in 
the  latitudes  actually  found  amounts  to  six  times  this  quan- 
tity.     The  periodic  variation,  important  and  puzzling  though 
it  be,  is  a  minor  feature,  which  does   not   seriously  affect  the 
conclusions  to  be  drawn  from  the  data  under  discussion. 

I  wish  to  touch  upon  only  one  other  point,  but  that  of  a 
more  personal  nature.  1  ask  Mr.  CHANDLl  R,  as  :t  m: 
simple  justice,  to  amend  his  statement.  "  It  appears  then 
that  the  presumed  secular  variation  must  depend  entirely 
upon  only  seven  years'  observation  with  the  meridian-circle, 
and  five  zenith-telescope  determinations  at  the  Madison  ob- 
servatory," so  that  it  may  read.  The  presumed  variation  de- 
pends upon  observations  at  Washington,  Cambridge  and 
Madison,  which  are  in  substantial  agreement 
magnitude  and  direction  of  mot  ion. 


ELEMENTS  <>F    TIM-:   COMET.el891    barnabd), 


liv  ELIZABETH   BROWN    DAVIS. 


The  following  orbit   of  Comet  e  1891,  was  computed  from 
observations  made  at  the  Lick  Observatory,  on  October  2, 
l  ami  8,  and  kindly  communicated  by  Prof.  E,  B.  Barnard, 
by  whom  the  comet  was  discovered. 
0  — C 
,/;.,.  os.-;        — H.8 
/;        —  3.0 


T  Nov.  13.265721 

oi  =  269     - 

Q,  =  217  .".I    23.9 

i  =  7  7  52  32.1 

log  0  =  9     -- 

.  1891  ho-' 
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OBSERVATIONS  OF   THE    PERIODIC   COMET  OF   WOLF  (&  1891), 

MADE   M    TICK   BAVBBFORD   COIXBG1    OBSERVATORY    WITH    nil,    I0-1NOD    BQUATORIAL, 
r,-,    l     P.   LEAVENWORTH  AMD  W.M.   II.  COLLINS. 


1891  Hav<  rford  M.T. 

* 

Corop. 

Ja 

-* 

J8 

n    'b  apparent 
a                       .8 

logpA 
fora 

Obs. 

.i        h     in     • 

Sept.  25     12   in  34 

16   16  38 

16    17    12 

30     I''.    17  34 

Nov.      •-'     12  38    15 

6     11   21   50 

II      16-1    13 

Dec       ■  >     10  19  16 

1 
l 

2 
3 
1 

5 
6 
7 

5  ,  3 

<; ,  i 

5  .  I 
12,6 

9  ,  1 
10  ,  6 
10  ,  5 

1  n'"  6lS2 
+  0  20.72 
+  0  2d. '.IK 
+  2   25.64 
—0  2.".. 70 
—4  42.90 
+  2     3.28 
—2   15.40 

+  2  0.0 
—2  :;:i.l 

—  1  30.1 
—0  57.2 
—0  2.-..! 
—2  46.9 

—  1  47.4 
—7  23.5 

4   19  38.86 
4   19  53.26 
l    r.i  53.53 
1   26  30.56 
4  40  35.56 

+  16  27  58.4 
+  16  2:;  25.0 
+  16  23  22.(1 
+  11  3  31.4 
—  3   15   14.9 

&9.600 
8.593 

8.526 

9.194 

«9.219 

0.648 
0.857 
0.546 
0.594 

0.77H 

C. 
L. 
L. 

I.. 
C. 

c. 
c. 
c. 

1   36    15.68 

4  21   ii.:;r 

—  7  27  16.9 
—14      1    14.2 

9.486 
519.109 

0.796 
0.855 

Mean  Places  for  1S91.0  of  Comparison- Star*. 


* 

a 

Red.  to 
&pp.  place 

8 

Bed.  to 
app.  place 

Authority 

1 

2 
3 

■1 
5 
6 

7 

l"  19  30.45 
1   19  30.45 
1   21     2.74 
4  40  56.38 
4  43  57. 
4  34  39.37 
4   23  56.41 

+  2.09 
+  2.09 
+  2.18 
+  2.87 
.    .    . 
+  3.06 
+"3.36 

+  16  25  46.8 
+  16  24  40.5 
+  14     4   16.0 

—  3     9     5.1 

—  5   10     7 

—  7  25  42.9 
—13  54     1.7 

+  11.6 
+  11.6 
+  12.6   • 
+  13.6 

+  13.4 
+  11.0 

»  Positions  from  comparisons  with  Weisse's    | 
»      Bessel  IV,  391. 

Weisse's  Bessel  IV,  453 

Karlsruhe 

SUM.  —5°  1046 

Seeliger,  Vol.  II,  887 

Schjellerup  1438 

The  d(\  of  Nov.  2  was  changed  by  8  rev.  =  —138". 7,  the  record  being  obscure. 


PROBABLE   NEW   VARIABLE   OF   LONG   PERIOD. 

A  code  telegram  was  received  Feb.  2,  from  Dr.  Copeland,  of  the  Royal  Observatory  at  Edinburgh,  as  follows  ; 

"New  star  of  fifth  maguitude,  two  degrees  south  of  x-Awi'jae.  Discoverer  anonymous.  The  spectrum  contains 
bright  Hues." 

The  public  press  announces  that  several  photographs  of  the  region  have  been  taken  at  the  Cambridge  Observatory, 
showing  the  star. 


NEW   ASTRONOMICAL  WORKS. 


Comptes  Bendus  d/s  Travaux  de  M.,  le  professeur  R.  Wolf  dans  ta 
domaine  de.  la  Physique  Solaire,  par  A.  Wolfer.     Archives  des 
Sciences  physiques  et  oaturelles.     Geneva,  Dec.  1891. 
An  instructive  summary  and  explanation  of  Prof.  Wolf's  investi- 
gations ami  results  concerning  sunspots,  since  1852,  prepared  by 
the  chief  assistant  at  Zurich  Observatory,  who  has  himself  rendered 
important  aid,  in  the  same  field,  to  the  distinguished  Director. 


The  historical  order  of  Wolf's  researches,  the  methods  employed, 
and  the  latest  results  deduced  from  observations  to  the  close  of 
1883,  are  very  clearly  set  forth. 


The  second  half-volume   of   Prof.  Wolf's  Handbuch  der  Astra- 
nomie  was  issued  during  the  past  summer. 
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"On  the  Supposed  Secular  Variation  of  Latitudes."    A  Reply  to  Mr.  S.  C.  Chandler.     By  Prof.  George  C.  Comstock. 

Elements  of  the  Comet  e  1891,  by  Mrs.  Elizabeth  Brown  Davis. 

Observations  of  the  Periodic  Comet  of  Wolf,  by  Prof.  F.  P.  Leavenworth  and  Mr.  W.  H  Collins. 
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CONTRIBUTIONS   TO   THE   KNOWLEDGE   OF   THE    \  A  IMA  BLE    STARS,    VI. 

By  S.  C.  CHANDLER. 


(Continued  from  page  L16. 


The  following  table  of  tbe  variations  in  the  times  of  Algol's 

minima  is  taken  from  ihe  "  Table  of  Normal  Epochs  "  in  the 
investigation  in  vol.  vii  (p.  172).  already  cited.  The  second, 
third  and  fourth  columns  are  copied  from  those  having  the 
same  headings  there,  and  the  first  column  gi\e-  the  i 
ponding  date.  The  last  two  columns  we  shall  come  to  later  : 
they  have  a  like  significance  to  those  columns  in  the  tables 
(pp.  114.5)  i.  e.,  0  is  the  deviation  of  observation  from  the 
uniform  period  hereafter  found,  and  C  is  the  corresponding 
representation  of  it  by  the  orbit  around  the  unknown  distant 
companion. 

Algol:  Variation  in  Time  of  Minimi  m. 


Mean 

Mean 

_Y- 

-  \ 

Date 

Epoch 

O 

< 

L783.9 

—  2058.2 

— 167J9 

— 124'."() 

— 117.5 

17S7.I 

—  1612.5 

4 

— 143.3 

—103.6 

—102.2 

1790.6 

—  1194.3 

1  '. 

— 122.1 

—  86.5 

—  85.7 

L795.2 

—     608.8 

3 

—  91.7 

—  61.7 

—  60.0 

1799.0 

—     118.9 

5! 

—  4. 'I.:; 

1816.5 

+    2100.2 

.-; 

1824.7 

1 

+  119.7 

is  li. ii 

5212.9 

13 

+  160.8 

5512.8 

0 

+  193.2 

+  164.6 

+  135.9 

1847.5 

6055.2 

11.'. 

-  168.8 

+  135.0 

+  124.3 

1850.9 

6486.  1 

in'. 

+  L17.6 

+  111.1 

1853.9 

16 

+  143.0 

+  101.4 

4-  :i7.i 

1855.1 

7019.2 

+  1 In.l 

-   97.0 

1857.0 

7252.9 

•J  ii 

+  127.5 

: 

1858.7 

7177.1 

85 

-  118.1 

1861.5 

7828.9 

-rl"7.1 

1864.5 

8225.8 

9 

■ 

+    11.1 

- 

8435.1 

+   35.8 

4-    22.2 

1869.3 

. 

+      1.1 

is;  i.l 

'.him.  7 

+   7:;.<i 

+    10.1 

—   10.8 

1872.8 

9267.6 

+   67.0 

+      2.1 

—   2:;. 2 

1874.2 

9451.2 

23 

+    til. 2 

—     5.2 

1876.2 

9712.9 

12 

+  87.6 

—  81.3 

—  45.5 

1878.8 

10$ 

+    12.2 

—  59.8 

—  62.0 

1882.8 

1H17.".. ii 

1 5 '. 

—   11.7 

—  90.9 

—  82.6 

1887.1 

+11108.0 

8 

—  66.1 

—  lis. 4 

—  lo7.1 

To  develop  the  considerations  and  processes  by  which  I 
have   been    led    to    the  conclusions   outlined    at    the    begin- 
ning, let   us   assume,  first,  that   known   phenomena  prove 
beyond  reasonable  doubt  that  the  periodical  obscuration  of 
used   by  interposition  of  a  body  darker 
than   itself,   revolving  about    it    according    to    the    law-    c.f 
gravitation.       Whatever    the    nature    of     the     pure     elliptic 
motion,  the  times  of  conjunction   must  follow  each   other  at 
exactly  equal  intervals,  unless,  <"  >.  one  or  both  conn 
are  not  spherical;  or.  unless,  (6),  then-  i>  at  least  oi  i 
body  in  tin-  system.     While  by  (a),  inequalities  in  t!.. 
of  conjunction  would  necessarily  result,  this 
to  be  insufficient,  since  it  would  be  inadequate  to  explain  the 
character  and  magnitude  of  the  observed  irregularities;  and 
it  could  not  account  for  the  observed  variations  in  the  place, 
ing  ('<>.  then,  as  the  only  natural  hypothesis,  what  is 
the  relation  of  the  third  body  to  the  system?     First,  it  cannot. 
for  obvious  -  olve  between  Algol  and  the  occulting 

satellite       S  Ft  revolve  outside  in  ver 

proximity,  since  the  resultant  principal  inequalities  in  the 
motions  of  the  occulting  satellite  would  have  periods  of  rela- 
tively short  duration.     It  seems  probable,  Lherefon  .  that  tbe 
unknown  body  lies  at  such  a  distance  from  the  others  that 
its    disturbing    action     is    small    compared    with    the 
action,  and  that  we  may  properly  treat  the  problem,  at  all 
events  provisionally,  as  if   the  motion  wei. 
it-  close  companion,  regarded  as  :i  single  mass,  around  the 
common  center  of  gravity  of  the  system  of  the  tin. 
more ?)  bodies.    At  least,  if  this  is  not  thi  inclu- 

sion, it  is  the  hypothesis  which  we  must  first  f 
the  most  plausible,  until  we  come  to  a   result  involving  - 
contradiction  as  to  compel   us   to  abandon  it  for  some  other. 
1  proceed  therefore  to  examine  it  mathematically  and  numeri- 
cally. 

Let    us   take   the  center  of   such  a  system   as  the  origin  of 
rectangular   coordinate-.  plane    i-   perpendicular 

to  out    sight-line,   and   whose   X-a    plane   is   the   meridi 
being    posithc    towaid-    the    north. 
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right-ascension,   and   i   outwards   into   Bpace. 
ordinatee  will  be, 

y  =  r(cosu  sinft+flintt  cosi  cos  £2) 
r(cost/  cos  Ji  — sin  a  cos/  sin  ft) 
z  =  r  sin  h  —ii»  i 


Algol's  co- 


(1) 

z 

or.    putting 

cos  ft    =    /'  Bin  J  , 

*  '        sin  ft  =  fc  sin  A' . 
(:!)  y  =  rfc  sin(2T-f-u),    .»■  =  r  j  sin(  ./"+»),    «  =  rsintsinu 
:iikI  the  corresponding  effects,  /,  on  the  right-ascension,  .-  on 
the  declination,  and  ,'»n  the  time  of  minimum,  will  be, 
seed 


— Cos/  sin  ft    =  j 

COS  I  cos  ft   ^_   /,■  COS  A" 


rt  =  Urk  sinfBT+u) 


15 


=  II  rj  sin  (./+)(), 


(-1)  »  =  8m.8  r  sin/  sin  u, 

ii  is  the  annual  parallax  of  the  star. 
Further  let  k„,  8b,  be  the  place  of  the  center  of  gravity,  or 
origin,  for  187.r>.o,  and  n,  ■>'■  its  rectilinear  and  uniform  an- 
nual proper  motion  in  these  coordinates,  on  the  lace  of  the 
sky.     By  virtue  of  any  uniform  translator?  motion  of  the 


system  in  the  ^-coordinate,  the  mean  value  of  the  apparent 
interval  between  two  successive  minima  of  AlgoPa  light- 
ion,  Creed  from  the  aberrational  effect  of  its  orbital 
motion  around  the  distant  companion,  will  differ  from  the 
actual  time  of  sidereal  revolution  of  the  close  companion 
around  Algol  by  a  constant  quantity.  Call  this  mean  appar- 
ent  period    /'.and    let    A",  he    the    apparent    time.    :dso    freed 

from  this  aberrational  effect,  of  the  first  minimum  which  oc- 
curred after  1800  Jan.  0,  and  E  he  the  number  of  periods 

elapsed  at  the  time  t.      Then  for  this  time  we  have  the  right- 
ascension,  declination  and  time  of  minimum,  of  Algol, 

SCC.S 


u   =   i«„  +  .'«(<— 1875  I  +  11  rk  sin(A'+><) 

S  =  (\  +  f/(t— 1875)  +  11/;/  Bin(J+u) 

N  —  X.  +  PE  +  s  .:;,■  sin  u  sint 


15 


(5) 


which  must  satisfy  the  observed  values  of  tho>e  quantities, 
when   the    true   place   and   proper  motion    of  the   center  of 
gravity,  elements  of  the  orbit,  and  parallax,  are  inserted. 
Differentiating  (1)  and  putting  for  brevity. 

A"'  =  K+  v  4-  ci,     ./'  =  J  +  c  +  M.     we  gel 
ili/  =  1<  sin  A"  dr  +  /•/.•  cos  A"'  de  +  i-l;  cos  A"  dot  +  /;/'  sin./'  </ft  —  >•  sin/  sinu  cos  ft  di 
(ii)  dx  =  ./'  sin  J'  dr  +  rj  cos  J'  dv  +  rj  cos./'  dm  —  ,■/,•  sin  A''  </ ft   +  /■  .sin/  sinu  sin  ft  di 

dz  =  sin  i  sin  u  dr  +  r  sin  i  cos  11  eft)  +  r  sin  /  cos  n  di.t  +  r  cos  i  sin  u  di 

and.  from  the  relations  of  elliptic  motion,  the   partial   differ-      the  differential   coefficients,   it    was   found   that,   while  there 


ential  coellieients. 

dr 

r  =  — "■  cosv 

i\, 

dr 

-r—  =  O    tailC  sill  <'[  I- 

lllll 
dr 


de 
■T)sml" 


dv  1 

=  —. — n,secV(2-t-sin«>{  i  - 
sinl' 

dv a'-'coscr 

rl  m. 


,1T 
dr 


=  — a  in  tan  a  sin  v  sin  1 


(7) 


dm 
dv 
df 
dv 
da 


■T) 


=  0 


where  ,i  and  r  are  expressed  in  the  earth-sun  distance  unit  ; 
///  is  the  mean  annual  motion  in  degrees;  ft  is  reckoned  in 
position-angle  from  the  north  towards  the  east,  and  is  the 
point  where  Algol,  going  outwards,  passes  the  plane  through 
the  center  of  gravity  perpendicular  to  our  line  of  vision  ;  i  is 
the  inclination  to  this  plane  :  v  and  M  being  reckoned  in  the 
direction  of  the  motion. 

In  the  numerous  trials,  by  different  methods,  to  get  ap- 
proximate values  of  the  unknowns  with  which  to  compute 
15  cosd'  z/«0  +  1")  cosfi((  — 187."i  i  / 


was  some  indication  of  moderate  ellipticity  with  a  peri- 
astron  somewhere  about  315°-845°,  the  eccentricity  was  too 
uncertainly  reflected  in  the  observed  data  to  make  it  worth 
while  to  determine  it.  I  therefore  concluded  to  be  content, 
in  the  present  provisional  calculation,  with  the  best  circular 
orbit  which  would  reasonably  satisfy  the  observations.  Ac- 
cordingly, making  the  appropriate  substitutions  and  simpli- 
fications in  the  above  formulas,  we  have  the  following 
equations  ;  where  7'  becomes  the  time  of  passing  the  ascend- 
ing node  ;  also,  for  convenience,  we  express  the  mean  dis- 
tance in  geocentric  arc.  in  the  equations  in  a  and  8,  and  in 
light-time  in  the  equation  in  iV.  and  introduce  the  correction 
to  P  corresponding  to  the  year,  instead  of  that  for  the 
single  period,  or, 

a"  — 11a,         «'  =  8"\:'.«  ,         JP'  =      °D"°    IP         (8) 


The  equations  actually  used,  are  then 

a" in  k  siu  1°  cos  K'.IT  4-  k  sin  K'  la'     +  a"(t — T  )k  cos  K'  sin  1 D    lm 

— "'' sin/ siu  .1/ cos  ft  sin  1°    //      +"'./'  sin  J'  sin  1°  z/ft      =   15cos8^/a 

(9)  A\,  +  (t — 1875)^/t'     —  <<"  in)  sin  1°  cos«/'z/T  +  ./  sin./'.  In"     +a"(t —  T)j  cos  J'  sinl"  Jm 

+  a"  sin*  siu M  sin  ft  sin  1°  .Ii     — u"k  sin  K'  sin  1°  JQ,  =  /IS 
~IN0+  (t—  1800)JP'    —  n'm  sinl  °  sin/  cos. MJT  +  sin/  sin  MJa'     +a\t—T)  sini'  cos  M  sinl"  dm 

+  a'  cos  i  sin  J/"  sin  1°  Ji  =  JN 

It  is  unnecessary  to  give  more  than  a  brief  summary  of  once  that  this  must  lie  between  120  and  140  years  ;  and  start- 
the  course  pursued  iu  arriving  at  the  final  values  of  the  un-  ing  from  this,  and  by  dint  of  various  hypotheses  as  to  the 
knowns.  rhis  was  a  work  of  some  difficulty,  from  their  mean  proper  motions,  tested  by  successive  approximations, 
involved  relations  and  the  fact  that  the  observations  cover  and  reference  of  the  data  in  turn  to  each  of  the  planes  of 
scarcely  a  full  period  of   revolution.     It  could  be  seeu  at      projection,  by  graphical  processes  combined  with  a  prelimi- 
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nary  solution  resembling  the  our  finally  used,  and  hereafter 
given.  I  arrived  at  the  elements  ( I )  below  i 

Elements  I. 
U  —  125  yrs. 
T  =  1804.6 
9,  ^73° 

i  =  110° 

a  =  16.0 
a"=  \".r,n 
IT  =  0".10 

«„  =  3"  0m  2'.590  — 08 
A   =  +40    28'  20".86 


00144(<— 1875) 
-  0".0082(«—  If 


75) 


A;,=  1800  Jan.  1*18    15   .6  (Paris)    -   -    i  145JE 

.1/=  2°.88(«— 1804.6) 

ry  =  (9.12976)  sinl.l/ - 

£  =  (1  1/  -  11     17. (J; 

:=  (2.09619)  -in  3/ 

With  tlie^<-  elements  normal  places  and  epochs  were 
formed,  giving  the  following  values  of  the  absolute  terms  in 
the  equations  of  condition.  Two  sets  are  given  for  the 
right-ascensions  and  declinations;  n  corresponding  to  tin- 
actual  means,  by  weights,  in  the  tables  of  observation; 
n'  corresponding  to  differences  from  an  adjusted  curve. 
The  left-hand  members  of  the  equations,  computed  from 
Eq.  (9),  are  added  immediately  after. 


15  cos 

A  J„ 

t 

Obs. 

n 

»' 

1753.9 

2 

—0.24 

—0.21 

1802.0 

6 

+  1.26 

—0.40 

1829.5 

14 

—  1.32 

—  l.dl 

1846.8 

30 

—0.31 

—0.43 

1859.8 

IS 

+  0.02 

+  0.11 

L865.5 

30 

+  0.27 

+  0.17 

1874.8 

34 

+  0.16 

+  0.10 

|s,s;;.ii 

19 

—0.22 

—0.14 

t 

Obs. 

n 

n' 

1754.4 

1 

—0.02 

—0.02 

1805.5 

4', 

+  0.06 

—0.09 

1824.6 

21 

—0.19 

—0.17 

1838.9 

26 

—0.10 

+  0.02 

1846.6 

32 

+  0.09 

1861.3 

17 

—0.05 

1864.6 

38 

0.00 

+0.05 

1874.7 

36 

+  0.12 

+0.18 

1882.4 

22 

+  0.33 

+0.30 

1-784.7 
1794.5 
1818  5 

1849.1 
1 85  1 . 7 
1858.1 
1864.4 
1870.3 
1874.2 
1880.9 
1887.1 


1 6 1 
11~ 
4 
18 
22 
S  2 
55 
56 
52 
52| 
26" 


J-V 


+  6. 
+  18, 
—12. 

+  45 

+  24 
+  18 

+  31 
+  27 
—  B 
—51 


11.41Ua0  — 1380.7  J/i  —  0.0497  JT  —  0.7371  Ja"— 0.8742   l,„  +0.0043   /»  —  0.0119  JSi  =  n 


11.411 

11.411 
11.411 
11.411 
11.411 
11.411 
11.411 


1 
1 
1 
1 

1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


833.0 
513.5 
319.5 
171.2 
114.1 
0.0 
91.3 

121  In 

70 
50 
36 
28 
11 
10 
0 


—  .0020 
+  .1175.'. 
+  .0613 
+  .0201 

—  .0018 


+  .9612 

+  .2051 

—  .5854 

—  .9285 

—  .9613 


.0365    —  .8478 


—  (i.tn;ii7 


—0.5951 


—  .0018 

—  .6532 

—  .0898 
.3850 

+  .0389 
•  0.8892 
+  1.6534 


+  .0010 

—  .11117:; 

—  .0065 

—  .0028 

—  .0006 


+  .0069 
+  .0112 
+  .0035 

—  .0043 

—  .0074 


V;<  = 


+  .0029   —  .0110 
—0.0122 


+  0.0078  JT—  0.4278  Ju"  +  Q.  1361  Jm  —  0.0145  K  +0.0201  JQ  =   » 


—  .11252 

+  .0058 

+  .1127:; 

+  .0387 

+  .0320 

+  .0290 

+  .0156 
+0.0026 


f  .3069 
+  .4328 
+  .2786 
+  .1301 

—  .I860 

—  .2491 


+  .0020 

_  .0400 

—  .3246 

—  .4914 

—  .6291 

—  .6051 
_  .3808 


r  .0011 
+  .0212 
+    .0248 

+     .0215 

+  .0072 
—  .0094 


—  .0120 

+   .0161 
r    .0264 


-0.4376         —0.0689 


-O.U17I         +0.0172 


1.-,    //"    —3.388    JT— 0.71)011.  /«'  —  23.408    1m    1-0.6672    li 


—5.482  —  .4568        —   19.224 


+   . 


+      18 

+       12 
+     49 


55 
58 
64 

7o 
71 
81 
87 


—4.803 
-\  1.788 
+8.876 

+5.642 
+  6.215 
H  6.192 
+  5.878 
+4.823 


,6044 
.9007 

.5485 
.4108 

.1272 
.1505 


-\    23.181 

—  22.969 
59.885 

—104.804 
—129.05] 

—  1  11.25  1 

—  1  I2.010 


_  .6008        —127.782 
61  —0.7934        —  96.281 


385  1 

6238 
.4627 

.127" 
.2770 
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last  column  gi\  ea  the  Bquare  roota  of  t In-  weights  used 
to  render  the  different  data  homogeneous  in  iliis  respect.  It 
»:i>  assumed  that,  for  n  star  at  i"  declination,  l»>tli  co- 
ordinates  of  the  catalogue-positions  are  of  equal  weight,  for 
the  same  number  of  observations.  The  relation  to  tl 
the  weights  for  the  normal  epochs  ol  minima,  were  assigned 
by  a  consideration  of  the  relative  effecl  of  their  errors,  when 

measured  in  the  bs unit . 

A  rigid  solution  of  these  equations  has  nol  been  made,  as 
ii  Muiilil  hardly  repay  the  labor,  the  results  of  this  paper 
being  merely  preliminary  to  a  more  exhaustive  investigation 
of  more  complete  data.  From  the  nature  of  the  orbit  we 
may  expect  that  in  a  few  years  the  apparent  period  of  light- 
variation,  now  near  its  minimum  value,  will  begin  to  in- 
crease, and  also  that  the  irregularity  of  the  proper  motion 
will  manifest  itself  by  an  increase  of  the  right-ascension. 
This  «ill  remove  a  large  part  of  the  uncertainty  of  the  ele- 
ments here  found,  especially  of  the  important  one  of  the 
mean  motion.  For  the  present  we  obtain  provisionally  the 
following 

Elements  II. 
U=  130.91  yrs. 
T=  1804.0 

9,  =  f,5°.0 

i  =  110°.0 

u  =  19.0 

«"=  1".33 
II  =  0".070 
«0=  3"  0'"  2\570  —  0S.00100(,— 1875) 

»0  =  +40°  28'  21". 06  +  0".0120(<— 1875) 
X=  1800  Jan.  ld  18"  22"'.0(Gr.  M.T.)+2cI  20"  -J8"1  56s.00£ 
M=  2°.  75(r— 1804.0) 

ij  =  (9.02926)  sin(Jf+99°    3'.7) 

e=  (9.84328)  sin(if+53c  14'.5) 

f  =  (2.15511  )  siaM 

It  is  interesting  to  note  that  these  elements  give  a  mini- 
mum (£  =  —16451)  1071  Nov.  Sd  13'.4.  and  that  on  this 
evening  Montanari  remarked  with  surprise  that  the  star. 
which  is  generally  2M.  was  but  4M.  and  scarcely  greater  than 
p  P(  rsi  i.  This  was  more  than  a  century  earlier  than  Good- 
rii  ke's  discovery.  Unfortunately  Montanari  does  not  give 
the  hour  of  the  observation,  which  however  confirms  the 
general  correctness  of  the  elements,  although  we  can  make 
no  precise  use  of  it. 

The  comparison  of  the  elements  with  the  observations  is 
made  in  the  last  two  columns  of  the  tables  on  pp.  114,  115 
and  121.  The  systematic  deviations  which  still  remain  I 
have  thus  far  been  unsuccessful  in  reducing  by  a  circular 
orbit,  nor  indeed  are  they  of  a  nature  apparently  to  be  ac- 
counted for  by  eccentricity.  So  far  as  the  times  of  minima 
are  concerned,  the  deviations  are  much  beyond  the  range  of 
errors  of  observation.  Of  course  we  are  by  no  means  yet 
in  a  position  to  say  that  they  are  inconsistent  with  purely 


elliptical  motion,  yet  there  is  a  presumption  that  this  may 
prove  to  be  the  case,  which  is  strengthened  by  the  nature  of 
the  numerical  law  developed  in  vol.  VII.  Little  inclined  as 
we  may  be  to  ht  interpretation  outrun  the  facts,  it  must  be 
admitted  that,  if  the  results  of  this  paper  are  accepted,  there 
is  enough  analog}  between  the  primary  and  secondary  mo- 
tions here  exhibited  ami  those  of  our  solar  system,  to  make 
it  not  improbable  that  the  system  of  Ahj<A  consists  of  more 

tl three  bodies.  The  dimension  of  the  orbit  of  the  Satel- 
lite relative  to  thai  of  Algol  around  the  primary.  1  -7- 2500, 
is  BUCh  that  the'  disturbing  force  must  be  nearly  nothing. 
even  if  the  unknown  mass  be  enormously  greater  than  we 
can  reasonably  suppose.  Therefore,  if  in  future  we  dis- 
cover  evidence  of  deviation  from  pure  elliptic  motion,  we 
must  naturally  look  to  a  fourth  body  as  its  cause.  From 
the  accuracy  with  which  the  observations  of  minima  can  be 
made,  the  suggestion  that  this  may  be  done  within  a  com- 
paratively few  years  is  not  ;i-  chimerical  as  may  at  fust  ap- 
pear. 

lint  the  whole  subject,  in  its  various  phases,  opens  up  a 
new  and  huge  field  for  speculation,  which  I  leave  to  the 
cultivation  of  those  who  are  inclined  to  that  recreation. 

Meanwhile  the  present  discovery  —  if  it  prove  to  be  such  — 
has  a  much  wider  COSmological  meaning  than  the  mere  ex- 
planation of  the  phenomena  of  this  star.  It  has  been  shown 
by  the  writer  (.1../..  VII.  1  2!)  ;  VIII.  130:  IX, 49,  92,  97), 
that  four  of  the  variables  of  this  type  (  UOphiucJii,  UCepliei, 
U  Ooronae  and  YCygni)  exhibit  irregularities  analogous  to 
those  of  Algol.  Schonfeld  has  clone  the  same  for  another 
(/  Tauri)  ;  and  there  is  some  evidence  of  the  sort  in  the 
case  of  S  Cancri.  I  have  failed  to  find  the  phenomenon 
only  in  S Librae.  The  remaining  two  variables  of  the  type 
I  /,'  Cants  Majoris  and  8  Antliae)  have  beeu  too  recently  dis- 
covered for  us  to  assert  anything  with  regard  to  the  constancy 
of  their  periods.  Thus,  in  at  least  six,  possibly  seven,  out 
of  eight  stars,  tin-  phenomenon  is  present.  The  principle 
of  attributing  like  effects  to  like  causes  allows  us  to  assume 
with  high  probability  that  it  is  general,  and  that,  therefore, 
all  the  stars  of  this  class  have  similar  motious,  namely,  one 
around  a  near  companion,  the  other  a  common  motion  of 
these  two  bodies  around  a  distant  one.  If  we  further  reflect 
that  only  those  stars  which  have  companions  moving  in  or 
near  the  plane  of  our  line  of  vision,  large  enough  to  cut  off 
a  perceptible  proportion  of  their  light,  can  ever  become  \  is- 
ible  to  us  as  variables  of  this  character:  and  further  that, 
on  account  of  the  peculiar  difficulty  attending  discovery  of 
variation  of  the  sort,  the  number  of  actually  existing  vari- 
ables of  this  type  is  doubtless  very  large  indeed,  much 
larger  than  the  numerical  proportion  to  the  other  known 
variables  would  indicate  :  we  must  naturally  conclude  that 
the  kind  of  motions  here  shown  to  exist  iu  the  case  of  Algol, 
and  giving  evidence  of  complex  planetary  systems  somewhat 
like  our  solar  system,  are  by  no  means  exceptional,  but 
possibly  the  rule  in  the  stellar  universe. 
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Before  concluding,  there  is  a  practical  poinl  which  I  de- 
sire strongly  to  urge  upon  the  attention  of  astronomers 
provided  with  beliometers  or  other  means  of  nice  miero- 
metric  observation.  Heretofore  no  Buch  measurement  has 
been  undertaken  of  variables  of  the  Algol-type.  It  is  hoped 
that  this  paper  will  have  the  effect  of  leading  research  in 
this  direction.  The  data  thus  provided,  when  combined 
with  tiie  corresponding  observations  of  the  variation  of  the 
times  of  minima,  as  in  the  present  instance,  will  much  ex- 
tend our  knowledge  of  this  new  class  of  celestial  motion. 

I  would  especially  indicate  the  star  YCygni  as  perhaps 
the  most  interesting  for  immediate  research  of  this  sort.  I 
have  elsewhere  shown  that  the  cyclical  fluctuation  in  this 
case  is  wonderfully  rapid,  being  completed  in  about  600 
single  periods,  or  two  and  a  half  years.  The  amplitude  is 
about  four  hours,  so  that,  if  the  present  theory  of  the  cause 
is  correct,  the  size  of  the  orbit  is  at  least  between  those  of 
Saturn  and  Uranus,  larger  if  its  plane  is  considerably  in- 


clined to  our  line  of  vision.     Micrometrical  measures  would 
fore  be  likely  to  give  significai  thin  a  short 

time,  possibly  in  a  few  months.     (1  favor- 

able results  in  this  instance  it  could  then   be  extended  to 
'/.  Tauri,  which  appears  to  be  :d~<>  n  promising  candidate. 

It  would  also  be  interesting  to  confirm  by  din 
tion  the  annual  parallax  of  Algol  here  theoretically  found, 
although  its  value.  0".07.  is  rather  below  the  limit  of  a 
measurement. 

1   now  add,  as  an  essential  part  of  the  proof  of  tin 

Larity  of  proper  motion,  I  data  foi  tin   systematic 

corrections  used  on  pp.  111.  1  15. 

The  weights,  according  to  which  the  n  taken, 

are  omitted  for  want  of  room.     For  the  same  reason,  the  13 
irison-stars  are  indicated  in   the    first   column  by  an 
ordinal  number,  assigned  according  to  their  right-asci 
The  list  given  on  p.  I  1  should  have  included  rt  Tauri.      <  other- 
wise the  construction  lias  been  already  fully  explained. 


d"Aor. 

.ET. 

Bessei.  1820-21 

1   +0*31 

—  1.7 

1 

—0.33 

2   +   .54 

2.2 

7         — 

—0.29 

4   +   .4'J 

—  7.0 

12 

—1.39 

6  +   -01 

—5.8 

—0.64 

7   +    .111 

[  +  2.7] 

8   +    .57 

—0.6 

Strb 

VK. 

10  +   .16 

—3.8 

1    +0.10 

—0.74 

11    +    .41 

—2.2 

:;  +   .07 

—0.08 

12    +    .40 

—1.8 

4    +    .14 

+  0.28 

13  +0.20 

+  1.1 

7         .00 

—0.07 

+  0.30 

—2.93 

8   +    .11 

—0.72 

10   +    .01 

—0.84 

PiAzzr. 

11    +    .07 

—1.39 

12   +0.11 

—0.81 

1    +0.31 

—0.3 

2  —  .06 

—  -.'1.7 

+  0.07 

—0.40 

3   +    .32 

—  1.3 

Pom 

. 

4   +    .14 

—  1.9 

5   +    .48 

0.0 

1    +0.19 

—  1.14 

6   +   .27 

2.2 

2  —   .1  •'! 

— 1.37 

7   +   .30 

—2.0 

3    +    .26 

—0.22 

8   +   .13 

+  o.7 

4    +    .05 

—0.92 

9  +   .51 

—  1.1 

5   +    .02 

0.85 

10  —  .45 

—  1.9 

6   —    .05 

11    +    .25 

—  1.:; 

7   +    .02 

-    0.57 

12    +    .11 

— 1.7 

8  —  .01 

—0.72 

13  +0.30 

—0.5 

9   +   .06 

— O..SO 

10   +    .10 

—  2.01 

+  0.17 

—1.35 

11    +   .11 

—  1.99 

12    +    .14 

—2.11 

<  Sroombridge. 

13   -1  0.18 

—0.85 

1    +o.2(l 

—  1.1 

•     - 

—0.99 

:)    +    .50 

—0.2 

5   +   .56 

—2.1 

(    IMTBR. 

\u;i. 

6   +    .11 

—  1.5 

1     +0.11 

—  1.76 

7   +    .21 

+  0.6 

5    I     .16 

_ 

8   +   .34 

—0.8 

7   -f     .06 

—0.92 

9   +    .39 

+  1.2 

10  4  0.07 

+  0.49 

12   +0.29 

—0.3 

12 

Determination  cm    Systematk    C 
lit  MKER. 


1   —0.08  —2.90 

3  —  .09  +0.86 

4  +    .04  +0.51 

5  -f-    .14  —0.19 

6  _   .18  +3.19 
8  —  .04  —0.66 

10  +    .11  — o.ol 

11  +    .04  —0.25 

12  —  .01  —1.20 

13  —0.03  —0.66 


orrections. 
Rad.- 


( Ion. 


+  0.01 


-0.41 


+0.82 


-0.52 


t  0.09     —0.84 


Cb  w.lis. 

:;     1-0.16  —  0.32 

7  .00 

8  -  —1.5  1 

9  +    .04  —0.46 
10  +0.05  —1.03 

+  0.06  - 

Greenwich  1840. 

1  1-0.14  0.23 

2  4-   .05  —0.23 

•3           -  —l.oo 

4  -  —0.51 
-  —0.3O 

7  +    .10  •  0.23 

8  +    - 

9  +    .12 

10  +    .11    [—3.12] 

11  +0.01  -  0.75 

12  -  0.78 

+0.10 

K  \ iii    1845. 

,     |.o.i2 

.00  4  1.19 

5  •  0.12 


6  +0.02  —1.85 

7  +  .11  —0.19 
S  +  .07  +0.88 
9   +   .10  —1.11 

10   +    .03  —1.24 

12   +0.06  —1.12 

+  0.07  —0.40 


Paris 

+  0.07 


+ 
+ 
+ 
+ 
+ 
+ 

10  + 

11  + 

12  + 

■ 


.10 

.46 

.01 

.07 
.05 
.07 
.05 
.06 
- 


+  0.72 
+  0.21 

—o.ol 
—0.41 
—0.02 


+  0.09 


Gr]  i  NWIOH    I  8  15 
—  O.I2 
0.49 
+  0.91 

0.12 
•  0.64 

o.oo 


-     • 


o.oo 

■  .11 

.02 
.20 
.00 

.is 


10   +    .07 
12    1-0. 10 

i 


Polkowa  1845. 

1  1-0.07         0.12 

2  •      06         0.15 

•  0.02 


Pt  lkowa  —Con. 

4  +0*.06 

5  +   .07     —0.11 

6  +    .03     —0.16 

7  +    .05 

8  +   .06 

9  +   .04 

10  +   .05 

11  +   .02     —0.42 

12  +  .04 

13  +0.06 

+  0.05     +0.05 

GrEI  nwi.  i 

1  +0.18     —0.69 

2  +    .1 

—0.71 

4  +    .05 

5  +    .16     —1.29 
6 

J  +   .07 
- 
10  + 

lo    —1.03 
09     —0.19 
Rad<  i  im  i    I860. 

2  —   .07     —1.52 

1  — 

- 
7  +   .01 

a    ■    .12 

05     — 0.17 

I  .1:1  I  \W1,   I 

2  —    .0  1 

—0.45 


1  26 
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I  n:l  I  SW  .     -  ( Ion. 


6 


0.00 

7   +    .08 

!»   —   .10 

10   +0.03 


+0.16 


Paris  II. 
f  0.06     —0.09 


in   + 

11  + 

12  + 


.15 

.02 
.10 

.117 
.06 
.05 

.1(1 


—  1.52 

I  0.21 
+0.31 
— O.SO 

•  n  16 
+  0.46 


t  0.06     +0.01 


Greenwich  1864. 


1    + 


0.07 
+    .03 

+  .02 
+  .lit 
-i  0.05 


—0.12 
—ii.ll 
+  0.34 
+  0.26 
—0.35 


t  >Ri  i  nw.  —  Con. 


9   —0.03 
10  +   .03 

ii  +  .o<; 

13  —0.01 


•  0.01 
0.01 
0.46 

—0.29 


+  0.05     —0.08 

I '.'INN. 

7    I  0.03         0  10 
10    I  0.03         0.20 


I.I  IPZIG. 

7  —0.04     —0.211 
0  02     —0.71 

—0.03     -0.50 


Leiden. 


0,  I  I 

0.08 

—0.43 


—0.32 

I  rREENWH  II    1  872. 

1  +0.03     —1.18 

2  +    .05     —0.90 

3  +0.04     -1.12 


Greenw. 


+  .07 

—  .01 

+  .06 

I  .07 

t  .04 

+  .(il 

+  .04 

+  .08 


0.54 

0.42 
0.56 
—0.58 
—0.69 
—  1.06 
■ — o.t;  i 


+0.04     —0.69 

Paris  111. 
—0.10    —0.21 


.08 
.05 
.02 
.00 
.09 
.03 
.03 
.04 


13  +0.22 


—1.30 
—1.30 
+  0.41 
+0.32 
—0.16 

—0.45 
—0.97 

—  ii.ll 


+  0.03     —0.43 

ROGERS. 

1  +0.05      +0.36 

2  +0.02     +0.66 


Rooi  b — Con. 


+0.01 


+ 


0. 12 

+  0.17 
—6.06 
—0.23 

+0.4  I 
0.55 
+  0.26 
1.02     +0.92 


7  + 

8  + 
!)  — 

10  — 

11  + 

12  — 


.01 

.01 
.00 
.02 
.01 

.01 

.04 
.02 

.01 


+  0.01 


o.oo 


Pi  i  w<<\\  \  1875. 

1 

0.03 

+0.09 

2 

+     .01 

o.oo 

3 

—  .01 

+  0.30 

4 

.00 

+  0.10 

5 

+    .01 

+  0.25 

6 

—  .03 

+  0.31 

i 

—  .04 

+0.22 

8 

-  -  .02 

+  0.14 

9 

+   .06 

—  1.36 

10 

—    .01 

+  0.17 

11 

—   .02 

+0.25 

12 

—   .01 

+  0.73 

13 

—0.03 

+  0.09 

i  Ireenm  [i  ii  1880. 


+  0.01 

—  .05 


8  + 

9  + 

10  + 

11  + 

12  + 


.08 

.01 

.01 

.or, 

.01 

.1 1 

.01 

.01 

.OS 


13   +0.06 


—0.46 
0.09 

—0.14 

+0.09 

0.35 

4  o.ll 

—  0.5S 

+  o.i:; 
—0.78 
—0.10 

—0.21 


+  0.02     —0.10 
Washington  '82-86. 

1  —0.06      +0.61 

2  +    .01. 

:;  —  .11 


+  0.O1 


+  0.:;:, 
— o.2."> 
—0.21 
—0.19 

+  o.i-.' 
+  0.;,:; 


-0.03     +0.10 


-0.02     +0.1H 


OX   THE   PERIOD   OF   35G7  VLEOMs. 

By  HENRY  M.  PAUKHURST. 


From  frequent  observations  between  1891  Feb.  11  and 
May  28,  chiefly  photometric,  I  deduced  a  maximum  on  April 
1 1.  with  a  brightness  of  8M.3.  I  am  no!  aw  arc  of  any  pre- 
viously determined  maximum,  although  there  had  been  ob- 
servations from  1855.  To  determine  the  period  it  became 
necessary  from  the  light-curve  to  make  corrections  for  former 
observations.  But  the  light-curve  has  been  in  several  re- 
spects peculiar,  making  such  corrections  uncertain.  A  period 
til'  271  days  satisfactorily  explains  all  the  observations, 
kindly  communicated  to  me  by  Dr.  Chandler,  excepting 
that  in  1883  February,  and  in  ISM  June,  the  variable 
seems  t«>  have  been  a  magnitude  too  faint:  whereas  in  1887 
May,  it  rose  in  brightness  in  nine  days  a  magnitude  more 
than  in  the  light-curve  of  1891. 

I  have  also  observed  it,  chiefly  photometrically,  commenc- 
ing 18111  Nov.  26.  when  it  was  certainly  <  10". 5.  and  was  in- 
visible in  the  horizon,  until  1892  Feb.  16,  when  it  was  <11M. 
The  highest  point  observed  was  Dec.  28,  13  days  before  the 
predicted  time,  and  a  magnitude  fainter.  The  light-curve 
of  last  year  suggests  an  explanation  of  this.  Omitting  the 
observations  from  April  6  to  April  22  inclusive,  the  resulting 
maximum   is   12  days  earlier,   and   the   general    form  of   the 


curve  the  same  as  in  the  present  year,  but  half  a  magnitude 
brighter.  But  these  omitted  observations  show  a  sudden  rise 
of  more  than  half  a  magnitude  in  three  days,  and  a  fall 
nearly  as  rapid,  which  have  no  counterpart  during  the  present 
maximum.  I  suspect  similar  outbursts  in  1855,  1882.  ami 
iu  1887. 

The  prior  observations  tending  to  fix  the  period,  referred 
to  the  elements  of  1891,  are  as  follows: 

DM.   estimate  0M.0.      12  days  after  maxi- 


days  after  the  maxi- 


1855  April  20. 

mum. 

1856  Jan.  4.     DM.  estimate  9".0. 

mum. 
18S0  March  3  (and  later).      Invisible  in  the  Berliu  meridian 
circle.     54  days  after  the  maximum. 

1881  Feb.  21  (to  April).     Invisible  iu  the  Berliu  meridian 

circle.      134  days  after  the  maximum. 

1882  April  4  (and  5).      Becker,  estimate  8M.7.      6  days   be- 

fore the  maximum. 
18S3  Feb.  23  (and  later).     Chandler,  <12M.0.     45  days 
after  maximum. 
Oct.  31  (and  later).      Chandler,  estimate  9U.3.     21 
days  after  the  maximum.      Later  observations  in- 
dicate diminishing  light. 
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1884  June  26.     '  handler,  estimate  9". 7.     14  days  before 

the  maximum. 
188(5-7.     M. P.  observations.     Variable  probably  nol  seen. 
1887  May  15.     Parkhurst,  12*. 7.     .rw  days  before  the  max- 
imum. 
May  24.     Parkhurst,  It*. 5.     18  days  before  the  max- 
imum. 


1888  March   17.     M.P.   9".85.     24   days    before  th<    maxi- 
mum. 

At  the  next  maximum,  the  variable  will  on 
after  midnight,  first  becoming  equal  to  th  neigh- 

boring DM.  stars  late  in  September. 

173  Gates  Ave.,  Brooklyn,  X.  )'..  1892  February  17. 


OBSERVATIONS  OF   THE   VARIABLE   STAR    U  GEMINORUM,   1891-92, 


By  PAUL  S 

I  have  had  the  good  fortune  to  obtain  observations  of  this 
variable  at  both  the  maxima  which  lis  1  during  the 

present  season. 

When  looked  for  ou  Oct.  28,  1891,  the  star  was  not  seen, 
the  limit  of  visibility  on  that  occasion  being  about  11\0,  as 
estimated  from  the  comparison-stars  seen  :  the  next  occasion 
on  which  observation  was  possible,  was  Nov.  3,  when  the 
star  was  seen,  its  estimated  magnitude  bi  ing  I0*.l.  'I  h 
mates  are  as  follows,  the  nomenclature  used  being  Knott's: 

Nov.  3.469  d2v,  v4<  10*1     4 

4.472 between  d&e,  nearer  e    10.5?  2  %  low  and  hazy 

8.  158  not  seen  :   saw  e 

This  appeal-  to  be  part  of  the  decline  from  the  maximum 
observed  by  Doner  (see  A. J.,  p.  110.  current  volume). 

( )n  1891  Dec.  2S.  the  sky  being  very  clear,  so  that  Kvu  i  's 
stars  f.  li  and  g,  were  st,  adily  held  (h  and  g  being  according 
to  BaxENDELL  Il'Vi),  the  variable  was  held  at  intervals  for 
about  a  second  at  a  time,  during  several  minutes  ;  its  magni- 

Dorchester,  Mass.,  1892  February  6. 


YEXDKI.I.. 

tude  must  have  been  as  low  as  12*.5 ;  the  star's  pi: 
identified  with  as  much  precision  as  my  means  permit! 

During  December,  1891,  and  January,  1892,  ations 

were  very  badly  broken   up    by   unfavorable    weather,   but 
whenever  observation  was  possible,  tin   star  was  looked  for; 
on  Jau.  21  the  star  was  not  seen  ;   limit  of  visibility  < 
From  that  time  till  the  present  date,  estimates  are 


Jan.  25.292  a4v,  u2c 

9.0 

1 

»     .510  civ 

9.6 

2 

26.28! 

8.9 

1 

^  7  .;'.'.» ."i  ir.'o-.    i-le 

9.1 

4 

31.306  div,  r\, 

10.4 

4 

Feb.     1.340  v2-3/ 

11.0 

3 

f  1.3  13  glimpsed 

12.0 

2 

-   a  very  high,  making  the  ; 

of  the  head  constrained, 

and  observation  therefore  uncertain. 

f  Moon  1st  quarter. 

These  observations  appear  to  indicate  a  maximum  i 
on  or  about  dan.  26.5. 


NEW    DOUBLE   STAR,   26  A  UEIO  AJE, 


This  star  has  been  know  u  as  a  wide  pair  since  its  discOA  ery 
in  1 783  by  sir  William  Hi  rsi  hi  l,  and  it  is  included  in  the 

subsequent    catalogues  of   sir  James  S and    Struvi 

(Will, 64  =  S. 492  =  -2:753).  In  1872,  while  looking  at 
it  with  the  6-inch,  I  noted  another  star  which  appeared  to 
be  about  twice  as  far  from  the  primary,  and  entered  it  as 
do.  90  of  my  Second  Catalogue.      I   was  not  aware  at  that 

time    that     this     companion    had    been     previously    seen    and 

mentioned  by  Lord  Wrottkslet,  in  measuring  the  1 1 1  rs 

Companion.  l'.oth  of  these  stars  are  much  loo  far  from  the 
primary  to  make  it  in  the  least  probable  that  they  have  any 
connection  with  each  other.  26  Aurigae  and  the  old  com- 
panion could  hardly  be  called  a  double  star  with  the  modern 
limitation,  ami  of  course  the  other  star  was  still  less  worth 
noting. 

Not    long    ago    this    star    was    accidentally   looked    at    with 
the  36-inch  refractor,  and   1   saw    at    once  that    the    large  star 


BURNH  \M 

was  really  doable,  being  made  up  of   two   nearly  equal   COm- 
1 nts.     I  have  since  made  the  following  meas 

.1     IND    11. 


1891.906 

0.1.". 

G    . 

1892  "17 

343.9 

o.l  1 

5.5  . 

.  •"> .  7 

1892.022 

344.7 

0.1  1 

.  6.3 

1892.057 

O.ls 

1892.00 

3  111 

o.l.", 

. 

This  is  certain  to  be  a  binary,  and  is  the  kind  of  Star 
where  one  would  look  for  rapid  motion.  It  is  probable  that 
t  he  distance  is  never  much  more  than  a  quarter  of  second,  or 
it  would  have  been  detected  before  1>\  some  of  the  many  ob- 
servers who  have  measured  the  Hit;-,  lit  t    companion. 

There  has  been  no  change  whatever  in   the    HlRS<  ill  I    star 

from  the  first  accurate  measures.     1  give  belon   enough  of 

the  observations  to  show  the  absi  nee  of  any  relative  it 

The  two  sets  of  measures  of  /'  are  all   that    have   been   made 
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of  this  star.     Tlie  first  distance,  by  a  clerical  error  in  re- 
ducing   the   observation,   was  originally   printed  ae 

I  Mem.  R.A.S.  X  I . I \  i.      It   s) Id    be,    as  given    below, 

.1    .17. 

.1.  B  \M'  C(=    - 


1828.61 

268.0 

1  2.8  1 

1865.52 

12.39 

1880.95 

12.17 

1891.95 

■2i;*.-:, 

12.25 

8.0 

2  3n 

7.8 

/  3m 

Sp.  ■■'.„ 

8.7 

A.   Ji  AND  J)  (=  fi'JO). 


1877.8; 
1891.9- 


1 13.5 

112.': 


3 1.17 
32.3? 


11.5 
1 1.0 


::;,, 


There  is  m>  necessity  for  any  farther  measures  of  these 
stars.  The  close  pair,  however,  will  require  special  atten- 
tion, as  ii  is  ii"i  improbable  that  the  measures  of  next  yeai 
may  show  considerable  motion. 


Mt.   11,1,;,     -  ii,   I  392  ,!•■■ 


NEW    ASTRONOMICAL  AVOKK. 


i  ' .  res,  j  •"  M.  6.  Bigour- 

n  v\,  Paris,  1891. 

II olai'ged  and  revised  edition  of  sir  J.  Qerschel's  General 

Catalogue,  with  additions,  published  by  l>r.  Dreyer,  now  of  the 
U-magli  Observatory,  contains   the  positions  of  7840  nebulas,  of 

which  Mr,   B urdan   finds  that   aiiont   6880  are  observable  at 

Paris.  He  estimates  that  the  number  of  those  whose  positions 
liavi  been  accurately  determined  is  about  1500,  and  lias  proposed  to 
himself  the  laborious  and  important  task  of  making  precise  obser- 
vations of  all  the  1 1  el  mi  las  and  clusters  visible  at  the  Paris  Observa- 
i  in  present  publication  contains  the  Qrsl  results  of  this 
taking,  and  comprises  the  nebulas  situated  between  I5h  and 
I6h  of  rip 

The  introduction.  v\  inch  is  a  general  one  for  the  whole  catalogue, 
is  elaborate  and  full.  It  commences  with  a  comprehensive,  histor- 
ical suromarj  of  observations  of  nebulas,  or  groups  having  that 
aspect,  from  the  six  mentioned  in  the  Almagest,  down  to  the  nearly 

soon  known  at  present.      AL-SUFI,  in  the  tenth  century,  added  three 

to  Ptolemy's  list,  —  the  nebula  in  Andromeda,  the  cluster  contain- 
ing  F.  I  and  5   I  and  the  blurred   object    Lac.  3505  and 

3507)  just  north  of  6  Felorum.  i  i  i  gh  Beg,  five  centuries  later. 
gave  none  excepting  those  in  the  Almagest;  Tycho  Brake,  250 

later  Still,  added  five  more:  and  111  \  I  i  '8  I'f  Iromus  contained 
sixteen,  of  which  only  ten  were  new.  The  want,  of  accurate  deter- 
minations of  position  might  make  tie-  absolute   identification  of 

-"iiie  of  these  difficult,  w  ere  the  objects  more  numerous  :  but  as  the 
records  stand,  there  is  small  opportunity  for  confusion. 

Iliu-  '.'I  appear  to   have  been   known   before   the   introduction  of 

-eop,-.  II  m.i.i  v  iii hied  2.  —  that  around  a>  Centauri  and  the 
brilliant  region  near  J Scorpii.  Flamsteed  observed  l"  more, 
among  them  that  around  6  Ononis,  discovered  bj  Cysat  in  1618; 
and. \  et  two  more  appear  to  have  been  known  before  1700,  making 
the  total  number  then  on  record  to  be  less  than  4o. 


The  number  increased  slowly  until  the  middle  of  the  last  century. 

when  LaCAILLE'8  southern  expedition   contributed  about    40  to  the 

list,  and  the  numerous   searches   for   telescopic   i lets   yet   more. 

But  especially,  Mu  umn  ami  Messier  discovered  some  7."..  which 
were  combined  in  a  single  catalogue.  Then  came  the  great  era  of 
Herschei  .  who  discovered  about  2500  within  the  twenty  years  be- 
ginning w  ill,  1  788  :  and  later  his  son  made  a  scrutiny  of  the  southern 

hemisphere  for  the  purpose  of  detecting  them  there.    Since  about 

l.s.'iO.  our  knowledge  of  the   nebulas   has   not   been   limited   to   their 

enumeration  ami  the  determination  of  their  approximate  position. 

I  hi  I  great  attention  has  been  devoted  to  their  careful   measure ut 

by  ninny  able  observers. 

The  methods  of  observation  and  reduction  are  described  by  Mr. 
Biqourdan,  with  great  minuteness.  The  measurements  are  made 
in  the  form  of  distances  and  position-angles,  from  well-determined 
-tars,  these  coordinate-  being  subsequently  converted  into  differ- 
ences of  right-ascension  and  declination  for  the  epoch  1900.0.  The 
details  of  the  observations  are  fully  recorded,  as  also  the  power 
employed,  ami  the  mode  of  setting,  together  with  estimates  of  the 
brightness,  of  the  ease  of  measurement,  and  of  the  state  of  the  sky. 

Except  for  the  first  three  months,  the  telescope  employed  had  an 
aperture  of  82  cm.,  and  a  focal  length  of  5m.20,  but  was  slightly 
diapliragined.  so  as  to  render  its  practical  aperture  essentially  the 
same  as  that  employed  at  the  beginning,  which  was  about  1.".  nun. 
less. 

Mr.  BlGOURDAN  has  nearly  completed  his  work  for  about  ten 
hours  of  right-ascension,  and  intends  publishing  the  results  prompt- 
ly. During  his  seven  years  of  observations,  about  one-half  of  the 
number  of  nebulas  visible  have  been  already  measured.  —  many  of 
them  repeatedly.  But  since  the  remainder  must  be  observed  at  less 
favorable  seasons,  he  proposes  availing  himself  of  photographic 
methods  to  some  extent  in  regions  where  they  are  especially 
abundant. 
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PERIODIC    VARIATION    OF   THE   LATITUDE    AT   COWDOBA, 


r.\  i'..   \.  limj.i). 


The  results  obtained  by  Dr.  Chandler,  showing  thai  the 
hitherto  unexplained  anomalies  in  latitude,  determined  be- 
tween 1860  and  1875,  could  be  reconciled  by  a  period  of  four- 
teen months,  led  me  to  believe  thai  the  same  phenomenon 
might  be  detected  in  the  Cordoba  observations.  The  uni- 
form practice  there  was  to  observe  three  pairs  of  circumpolar 
stars  mi  each  night  when  the  sky  permitted,  each  pair  con- 
sisting of  one  above,  and  one  below,  the  pole.  These  were 
selected  from  the  list  of  54  circumpolars,  of  which  the  positions 
are  given  in  the  Introduction  to  vol. V,  of  the  Cordoba  Results ; 
and,  although  the  immediate  purpose  of  the  observations  was 
to  obtain  times  of  transit,  which  should  permit  a  continued 
scrutiny  of  the  azimuthal  error  of  the  Meridian  Circle,  the  dec- 
linations were  observed  at  the  same  time,  whenever  possible. 
The  meridian  southward  was  unobstructed  to  the  horizon,  trav- 
ersing an  almost  uniuhabited  range  of  pampa.  And  although 
the  atmosphere  was  in  general  hazy  at  low  altitudes,  the  ob- 
servations for  declination  were  systematically  maintained 
upon  all  the  stars  of  the  list,  however  low  at  their  inferior  cul- 
mination. In  this  way  I  hoped  to  obtain,  not  only  the  mosl 
accurate  determinations  possible  for  the  latitude,  and  for  the 
declinations  of  these  .".i  Btars,  bul  also  the  means  of  testing, 
under  these  exceptional  circumstances,  Bessel's  values  for 
the  vertical  retraction  at  large  zenith-distances. 

Inasmuch  as  the  several  observations  for  the  declinations 
were    iii    general,  averaged    in    groups   of    twelve  months, 

while    the    period    of     lal  it  Ui  lc-\  arial  ion     appears    to    he    \  cry 

nearly  fourteen  months,  il  has  seemed  to  me  that,  i>\  combin- 
ing the  observations  of  each  Btar  in  monthly  means,  the  lately 
discovered  phenomenon  might  be  made  manifest. 

The  difficulties  in  the  way  of  thus  detecting  a  periodic 
variation,  and  of  determining  its  amount,  will  he  recognized 
on  reference  to  the  detailed  statements  given  in  the  Intro- 
ductions to  several  of  the  volumes  of  the  Cordoba  Results. 
The  chance  in  positiou  of  the  instrument,  and  the  partial 
rotation  of  its  graduated  circle,  made  in  everj  peat  bu 
during  the  whole  series  of  observations  of  the  zones  ai 
the  General  Catalogue,  embarrass  the   employment  of  the 

results  for  our  present   purpose  :    and  a  still  greater  difficulty 


is  presented  by  the  number  of  different   observers  who  io,,k 
part  in  the  work.     This  subject  will  be  found  fully  disi 
in  chapter  VII]  (pp.  of  the  Introduction  to  vol.  V, 

already  cited. 

How  far  the  differences   between  the  various 

provisionally  assui 1  value  of  the  latitude,  which  are 

tabulated  on  page  clxiii,  migh  ible  to  the  periodic 

variations  in  a  cycle  of  fourteen  months,  could  only  be  de- 
termined by  a  new  discussion,  in  which  these  corrections 
should  be  deduced  iii  some  other  way:  and  the  combination 

of  the  data  in  monthly  groups  sei  med  st  convenient.     In 

effecting  this,  it  has  appeared  besl  to  take  no  account  of  the 
possible  personal  differences  between  observers;  which  in- 
deed eliminate  themselves  to  a  considerable  extent,  when 
the  same  person  has  observed  at  both  culminations. 

Before  I  left  Cordoba,  at  the  end  of  February  1885,  the 
results  of  the  observations,  from  their  commencement  in 
June  1872  until  the  end  of  the  year  1884,  had  been  art 

for    publication,    in     the    same     form     as    in     the    VOluD 
Results  already  printed.      The  actual  printing,  however,  had 
not    progressed    farther  than    the  middle   of  the   volume   for 
1874.     The  publication  has  since  then  been  carried  regularly 

forward    liy    my  Successor,   Dr.  THOME ;    and    the    volume    for 

1 880  has  been  received  only  since  the  present  investigation 
was  well  advanced.     Consequently  tions   made 

.since  that  year  an'  not    accessible  to   me   here  at  Cambridge, 
and  it  is  impossible  to  extend  this  examination  over  a 
period  than  theJ03  months  preceding  the  beginning  of  1881. 

Tin'  pointings  made  at  lower  culmination  upon  sts 
comparatively  large  polar  distance  were  frequently  quite  un- 
satisfactory on  account  ><(  the  blurred  character  of  the 
Their  results  were  nevertheless  recorded,  but  the 
facl  of  their  supposed  untrustworthiness  was  noted  by  the 
observer  at  the  time,  'such  values  are  indicated  in  the 
printed  volumes  by  beiug  inclosed  within  brackets,  although 
this  indication  appears  to  have  been  unfortunately  omitted 

in  tin'  volume  tor   1880.       In  the    monthly  means    here  given, 

none  of  the  bracketed  observations  are  iucludi 

others  have  also  been  omitted  in  formiug  these  means,  owing 
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ti>  discordaui 
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decided  as  to  suggest 

some  error. 

Of 

marked  preponderanci 

for 

any  one  ol 

server.     They  are  aa 

eucb  rejected  observations  there  are 

32  in  all.  and  with 

IIO 

follows  : 

Date 

Star 

i  late 

Stai 

Date 

Star 

1872  Sept.  28 

N 

o.  ll 

1876  May      2 

No.  52  ..  Octa 

is  79 

Deo. 

2:; 

No 

1  1    ,r    drliinlis 

..      29 

1 5  _'   1 1 

1S77  Sept.  26 

18  a 

1880  Dec. 

11 

t; 

9 

16 

Nov     21 

58  t 

Sepl . 

7 

18  $  (  liamoud. 

1873  Oct.      8 

'    iinniiirl. 

1878  June  28 

7  ii  Hydri 

Feb. 

16 

I'll    .'    drln, ,/is 

Nov.   m; 

30  6  Muscat 

July    80 

8  6 

Nov. 

17 

29  i 

Apr.     2 

;;."i  8  Orin litis 

Mar.      1 

17 

" 

28 

36  <>.  Apodie 

Feb.    12 

53  t 

Nov.  30 

32   *    drl, lulls 

June 

23 

|o- 

1874  Auu.     r 

8  ii  Hydri 

•'      29 

38  p 

.Ian. 

5 

42 

Apr.    28 

25  8a  Oharnat  1. 

Aug.   18 

39  8  4podis 

M  ay 

31 

Octantis 

1875  May  20 

0  1   ;    diiu, ill's 

Mar.    16 

45  L"  Pavonis 

Api . 

10 

54  j 

1876  Jan.    12 

15   1"   /'ii  run  is 

1879  Nov.  28 

2  7 

In  the  absence  of  an  exact  knowledge  of  the  latitude,  all 
declinations,  throughout  the  12),  years  of  meridian  observa- 
tions until  the  end  of  1884,  were  obtained  by  employing  the 
provisional  value.  -31'  25'  15"  0,  known  to  he  smaller  than 
the  true  one.  ami  they  are  so  printed.  Alter  the  close  of 
each  year  the  polar  point  for  the  circle  was  deduced  front 
the  observations  of  circumpolars  at  both  culminations  made 
during  the  year ;  .ami  the  corresponding  correction,  /y,  for 
the  assumed  latitude  is  given  in  the  Introduction  to  each  an- 
nual volume, —  to  In-  numerically  added  to  all  declinations, 
excepting  those  derived  from  lower  culminations  or  belong- 
ing to  northern  slats,  and  to  be  Subtracted  fl' these.      The 

small  table  already  cited  (Results,  V.  clxiii)  shows  these 
values  of  the  correction  /,  .  :i>  determined  for  each  observer 
in  each  year,  together  with  its  annual  mean  value  for  all  the 
observers;  as  well  as  the  general  value,  applicable  to  the 
means  of  all  declinations  observed  during  the  year,  and  also 

the    -t    probable    correction    to    the    provisional   latitude 

15". (i.  The  several  values  of  Ir-,  given  in  the  different  an- 
nual volumes,  range  from  0".30  to  0".58,  and  the  final  resul- 
tant value  for  the  latitude,  as  deduced  in  January  1885,  is 
15". 46. 

In  the  Table  now  to  he  given  the  quantities  represent  the 
monthly  residuals,  C  —  O,  —  the  negative  signs  of  the  lati- 
tude and  the  declinations  being  disregarded,  so  that  larger 


positive  values  represent  a  higher  southern  latitude.  I'o 
obtain  them,  the  quantity  0".  16  was  applied  to  the  monthly 
means  of  tie-  printed  declinations,- — additively  to  those  de- 
rived from  upper,  and  subtractively  to  those  from  lower,  cul- 
mination. These  Observed  declinations,  already  referred  to 
the  mean  equinox  of  the  beginning  of  the  year,  were  sub- 
tracted from  the  corres] ding  Calculated  ones,  derived  from 

the  final  discussion  ill  the  Introduction  to  vol.  Y  of  the  Cor- 
doba liesuits.  and  given  in  the  penultimate  columns  of  the 
respective  tables.  The  mean  of  the  resultanl  values  for  all 
the  stars  was  then  taken,  using  the  number  of  observations 
as  weights.     The  results  from  culminations  above  and  below 

the    pole    have    been    Heated    sepa  l  a  t  ely .  and    these    witlt    the 

half-difference  of  the  two  (taken  by  weights)  are  also 
pre-. nied.  For  each  of  these  three  classes  of  results,  the  to- 
tal number  of  observations  is  prefixed  to  the  mean  value 
derived  from  the  circumpolars  observed  during  the  month. 

Iii  forming  these  monthly  mean  values  of  the  excess  of  the 
calculated  over  the  observed  declinations,  two  of  the  stars, 
P  Hydri  and  n  Mi  Hsu, .  have  been  excluded,  on  account  of 
their  large  proper  motion  in  declination,  which,  if  allowed 
for.  would  entail  considerable  additional  labor,  without  essen- 
tially modifying  the  result.  All  observed  declinations  of  the 
other  52  circumpolars  are  here  included,  except  the  32  single 
observations,  already  specified. 


Mian  Excess  of  the  Calculated,  above  the  Observed.   Declinations,  by  Months. 
Upper  Lower       '    >.,  U.C. — L.C.)  Date  Upper  Lower 


1872  June 

11    +(1.20 

14 

—0.12 

25 

+  0.15 

Julv 

38  —  .2:; 

25 

—  .56 

63 

+    .08 

Aug. 

21  —  .13 

20 

—   .32 

41 

+    .0!) 

Sept. 

45  —  .15 

47 

—   .14 

92 

—   .07 

Oct. 

44  —   .14 

52 

+    .18 

96 

—  .30 

Nov. 

42  —   .34 

38 

+    .07 

80 

—  .21 

Dec. 

41   —  .19 

46 

—  .04 

87 

—  .06 

ls7o  Jan. 

39   +   .25 

42 

—  .17 

81 

+    .21 

Feb. 

17    +    .58 

20 

—  .67 

37 

+    .63 
+  0  75 

Mar. 

8+0  93 

4 

—  .38 

12 

Apr. 

60     1 

73 

—  .14 

133 

+  1.2'.l 

May 

21    +1.H7 

32 

—0.86 

53 

+  0.94 

',.  I.e.—  I..C.) 


1 873  June 

42   +0.52 

42  —1.05 

84   +0.78 

July 

77   +    .52 

63  —0.76 

140   +   .63 

Aug. 

70   +    .0:1 

69  —   .40 

189    +    .24 

Sept. 

:17  —   .26 

30   +    .22 

67   —   .15 

Oct. 

44   +    .26 

37  —   .54 

81   +   .39 

Nov. 

38  —   .02 

34  —   .10 

72   +   .04 

Dec. 

56   +    .11 

54  —   .29 

110   +    .20 

1874  Jan. 

49  —   .09 

50  —   .56 

99    +    .24 

Feb. 

25  —   .17 

34  —   .41 

59   +   .17 

Mar. 

43    +    .15 

39  —  .52 

82   +    .33 

Apr. 

46    +    .51 

40  —   .72 

86   +   .60 

May 

25  —0.18 

27   +0.02 

52  —0.10 
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Date 

Upper 

Lower 

*'— 

i.  i 

Date 

Lower 

1874  JuDe 

40    +0.1.". 

34 

74    - 

1877  Oct. 

17 

n.-Ji 

July 

33  — 

.:;:; 

26 

+ 

.36 

.34 

Noi  - 

43 

+    Ji7 

.10 

An-. 

41   — 

.14 

4:; 

+ 

.30 

87  — 

.22 

Dec. 

+    .07 

4  1    +    .02 

Sept. 

:;<;  — 

.35 

30 

+ 

.19 

.28 

•  Jan. 

29 

+    .64 

34   —  .13 

63   - 

Oct. 

:;;{  — 

.30 

26 

— 

.28 

59  — 

.05 

1  i 

36 

+    .54 

.17 

72    -    .35 

N  c .  \  . 

39  — 

.18 

:;;, 

— 

.17 

74   — 

.02 

Mar. 

33 

+    .52 

37  —  .03 

.26 

Dec. 

40  — 

.20 

10 

— 

.20 

.00 

Apr. 

■j  7 

+   .60 

20  —   .47 

IT    -     .55 

1875  -Imi. 

32  — 

.28 

28 

— 

.31 

60  — 

.01 

May 

60 

.'>  7  —   .1 5 

117    +    .10 

Feb. 

48  — 

.05 

54 

— 

.26 

102   + 

.11 

June 

12 

32   —  .60 

71    +    .29 

Mar. 

.06 

;,ii 

— 

.23 

98    • 

.14 

July 

68 

—  .04 

53  —  .o7 

121    +    .01 

Apr. 

62  — 

.25 

54 

— 

.l'7 

1  1 6   -- 

,01 

Aug. 

55 

—  .19 

-    .18 

112  —  .19 

May 

58    + 

.15 

58 

_ 

.39 

116    + 

.27 

- 

+    .31 

I-  —  .11 

•     .22 

June 

.39 

53 

— 

.79 

116  + 

.7i7 

Oct. 

58 

+    .21 

120    • 

July 

68   + 

.41 

60 

— 

.63 

128   + 

.51 

Nov. 

43 

+    .29 

43  —  .68 

-    .49 

Aug. 

61    + 

.10 

;.  a 

— 

.01 

116    + 

D.c. 

.',."> 

+    .11 

46  —  .66 

ml     - 

Sept. 

4(i   — 

.78 

35 

+ 

.65 

81   — 

.72 

1879  Jan. 

39 

■+■    .03 

44   —  .15 

- 

Oct. 

46  — 

- 

10 

+ 

.46 

86  — 

.64 

Feb. 

28 

—  .02 

31    - 

Nov. 

61   — 

.56 

19 

+ 

110  — 

.67 

Mar. 

4  2 

+    .til 

13  —  .14 

1),,-. 

61   — 

.64 

60 

+ 

J,\ 

121   — 

.58 

A  pr. 

"i7 

+    .02 

-  .25 

-   .11 

1876  .Ian. 

56  — 

.74 

56 

+ 

.36 

112  — 

.55 

May 

55 

4  7  —  .21 

102    - 

Feb. 

50  — 

.63 

17 

+ 

.70 

97  — 

.116 

June 

18 

+    .27 

4  1    —  .22 

- 

Mar. 

46  —0.90 

49 

+ 

.62 

95  — 

.76 

July 

11 

+-     .15 

27    +    .07 

71    ~ 

Apr. 

32  —1 

.10 

39 

+ 

.51 

71    — 

.78 

56 

+    .35 

lit  —  .13 

May 

7>7  — 0.55 

4" 

4 

.03 

97  — 

.34 

Sept. 

60 

43  —  .34 

103    - 

June 

112  — 

.50 

7,1 

— 

.02 

L63  — 

.34 

Oct. 

21 

+    .19 

21   —  .32 

45   +    .25 

July 

73  — 

.21 

33 

+ 

.11 

106  — 

.27 

Nov. 

11 

+     .10 

39  —  .32 

-    .21 

An-. 

63  — 

.31 

52 

+ 

.25 

115  — 

.29 

Dec. 

33 

—  .16 

43  —  .16 

76   + 

Sept. 

37  — 

).08 

35 

— 

.01 

72  

.03 

1880  Jan. 

62 

+    .09 

-  .29 

121    +    .19 

Oct. 

30  —0.17 

25 

— 

.04 

5  5  — 

.07 

Feb. 

48 

—  .09 

-   Ji7 

101   —   ."1 

Nov. 

•21    — 

.03 

25 

+ 

.50 

16  — 

.29 

Mar. 

52 

+     .10 

63  —  .26 

115   +    .19 

Dec. 

32  — 

.10 

35 

+ 

.35 

t;7  — 

.23 

Apr. 

63 

+    .31 

53 

116    - 

1877  Jan. 

49  — 

.21 

16 



.12 

95  — 

.05 

May 

19 

+    .13 

II   —  .23 

4-  .18 

Feb. 

53  — 

.16 

59 

+ 

.20 

112   — 

.18 

June 

.".1 

+    .22 

35  —  .86 

- 

Mar. 

26   + 

.15 

10 

+ 

.19 

ct;  — 

.06 

July 

33 

+   .06 

23  —  .21 

56   +    .12 

Apr. 

21    + 

.41 

25 

+ 

.04 

46    + 

.16 

Aug. 

.",1 

.".7     • 

91   —   ."7 

May 

59  — 

.23 

56 

+ 

.39 

115  — 

.31 

Sept. 

51 

4  7   +    .32 

-      -  .48 

.hi  ne 

36  — 

..;i 

30 

+ 

.35 

66  — 

.33 

Oct. 

17 

—  .39 

87   +    .24 

-      _  .38 

July 

33  — 

.11 

20 

+ 

.35 

53  — 

.20 

Nov. 

52 

—   .12 

7)4  —  .05 

106  —  .04 

Aug. 

64  — 

.20 

.",1 

+ 

.23 

115  — 

.21 

Dec. 

—0.03 

57   +0.01 

115 

Sept. 

44   —0.06 

38 

+  0.16 

82  —0.10 

Upon  charting  these  results  two  facts  attract  attention: 
first,  that  the  times  of  maxima  ami  minima  of  the  curve  are 
approximately  coincident  with  those  deduced  i>\  Dr.  Chand- 
ler from  contemporaneous  observations  in  other  places,  and 
secondly,  that  the  corresponding  periodical  fluctuations  of 

the  curve  are  markedly  inferior  to  other  and  larger  varia- 
tions,   upon     which     they    appear    superposed.       By     far    the 

most  conspicuous  maximum,  in  tbelasl  column,  occurs  during 
the  second  quarter  of  the  year  1878;  and  the  most  conspicu- 
ous minimum  is  at  the  close  of  1875  and  beginning  of  1876. 
The  ranee  included  between  these  extremes  amounts  to  two 
seconds,  and  is  altogether  too  large  to  be  attributed  either  to 

personal  equatio ■  to  any  instrumental  origin.      It  may  be 

supposed  thai  peculiar  influences,  c lected  with  the  re- 
fraction at  low  altitudes,  or  ^f-  to  chilling  currents  of  air 
from  the  south,  when  the  shutters  al  the  side  of  the  observ- 
i m; -room  were  open  to  permit  observations  neai  the  horizon, 
might  afford  plausible  explanations  of  anomalies  al  the  lower 
culminations.     Such  influences  undoubtedly  do  tend  to  blur 


the  images,  and  to  increase  the  probable  error  of  ol  - 
tion  ;  vet  tlie\  would  vary  bnl  little  at  the  same  season  in 
different  years.     To  make  this  point  clearer,  the  curves  have 
harted  for  each  culmination  separately,  as  well  as  fc>r 
both  combined.     While  these  curves  do  no)  a_ 
they  are  in  full  accord,  as  regards  the  principal  fluctuations; 
indeed,   the  relative  sraallness  of  the  irregularities,  in  the 
curve  representing  the  total  results,  leads  to  a  belief  that  the 
values  deduced  from  the  two  culminations  toe-ether  an 
trustworthy  than  those  from  either  alone. 

If,  in  our  computation,  the  latitude-correction,    /..-. 
rived  fion  the  observations  of  any  one  year,  had  been  em- 
ployed for  determining  the  declinations  of  that 
of  the  general  value  o".  16,  employed  for  all  years,  the  curve 
would  not  ha\c  been  essentially  different.      I  spond- 

ing  quantities  C — O  can  readily  be  obtained  from  tin 
goiug  table,  by  adding  to  all  the  monthly  results 
of  the    'v'-  for  thai  year,  above  the  general  value. 
all    the  monthly   means  for   the   year    ls7.    w 
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creased  by  0".08,  all  those  for  1873  increased  by  the  si • 

amount,  etc. 

Moreover  if,  instead  of  obtaining  these  n thly  means 

by  a  combination  of  the  values  of  C      0  which  result  from  all 

the  stars,  in  eacl th,   we  take  the  mean  of  all  those 

afforded  by  each  star  during  the  whole  period  of  103  months, 
igning  equal  weight  to  the  Beveral  monthly  means,  but 
keeping  the  result-,  from  each  culmination  separate,  —  we 
may  deduce  from  the  observations  of  each  star  a  correction 
to  the  adopted  latitude,  and  another  to  the  calculated  decli- 
nation. Ii  might  seem  thai  bj  the  use  of  these  values,  in 
place  of  the  Calculated  declinations  taken  from  the  tables,  a 
better  series  of^results  might  be  obtained;  since  we  should 
be  dealing  with  Ehe  variations  of  the  observed  declination 
from  their  own  mean,  and  any  possible  errors  in  the  calcu- 
lated  values  would   in-  thus  eliminated.     In  this  way  the 


values  C—O  would  be  modified  by  a  constant  quantity  for 
each  star:  and,  after  this  modification,  the  monthly  means 
from  all  the  Btars  could  be  formed  as  before. 

This  somewhat  laborious  process  has  been  performed,  and 
the  whole  computation  repeated  in  this  way.  The  resultant 
curve  resembles  the  original  one  so  closely  as  to  make  it  evi- 
dent, that  no  improvement  is  to  be  attained  by  this  process  ; 

in  fact,  tin'  unimportant  differences  In  1u.ni  I  In-  two  give  in- 
dication that  the  former  is  the  better,  since  it  is  somewhat 

less  irregular,  as  might  have  been  expected  on  ace nl  of 

the  more  symmetric  distribution  of  the  data.  It  is  scarcely 
worth  the  space,  to  print  the  later  series  of  results;  yet,  to 
enable  any  inquirer  to  make  the  comparison  for  himself, 
those  values  arc-  appended  which  have  been  deduced  ill  this 
way  from  the  combination  of  observations  at  both  culmi- 
nations. 


Residuals  (C — O).  —  Observed  Declinations  Referred  to  thkii;  Own  Mean. 

Values  of  '.r.r.  —  L.C.)    for   .Monthly   Means. 


1X7:?  June 

25 

—0.04 

1874  Aug. 

87 

—0.20 

1876  Oct. 

.".."i 

+0.04 

1878  Dec. 

101 

+  0.63 

July 

63 

+  .01 

Sept. 

66 

—  .23 

Nov. 

46 

—  .22 

1879  Jan. 

83 

+  .09 

Aug. 

11 

+  .07 

Oct. 

.V.I 

+  .05 

Dec. 

67 

—  .17 

Feb. 

.-,'.1 

.00 

Sept. 

92 

+  .01 

Nov. 

74 

+  .05 

1877  Jan. 

95 

—  .o;, 

Mar. 

85 

+  .07 

Oct. 

96 

—  .20 

Dee. 

80 

+  .06 

Feb. 

112 

—  .19 

Apr. 

90 

+  .04 

Nov. 

80 

—  .09 

1875  Jan. 

60 

—  .03 

Mar. 

66 

—  .09 

May 

102 

+  .22 

Dec. 

87 

-  .04 

Feb. 

1 02 

+  .14 

Apr. 

46 

+  .01 

June 

89 

+  .15 

1873  Jan. 

81 

+  .22 

.Mar. 

98 

+  .11 

May 

115 

—  .40 

July 

71 

+  .01 

Feb. 

37 

+  0.60 

Apr. 

116 

—  .12 

June 

66 

—  .45 

Aug 

96 

+  .24 

Mar. 

12 

+  1.60 

May 

116 

+  .16 

July 

;,:; 

—  .26 

Sept. 

103 

+  .25 

Apr. 

133 

+  1.18 

June 

116 

+  .14 

Aug. 

115 

—  .21 

Oct. 

45 

+  .36 

May 

53 

+  0.82 

July 

128 

+  .43 

Sept. 

82 

—  .08 

Nov. 

80 

+  .31 

June 

84 

+  .68 

Aug. 

116 

+  .06 

Oct. 

95 

+  .02 

Dee. 

76 

+  .11 

July 

14(1 

+  .59 

Sept. 

81 

—  .71 

Nov. 

Ml 

.00 

1880  Jan. 

121 

+  .19 

Aug. 

139 

+  .25 

Oct. 

86 

—  .;,.", 

Dec. 

83 

+  .10 

Feb. 

101 

—  .01 

Sept. 

67 

—  .12 

Nov. 

110 

—  .52 

1878  Jan. 

63 

+  .36 

Mar. 

115 

+  .14 

Oct. 

81 

+  .48 

Dec. 

121 

—  .IS 

Feb. 

72 

+  .33 

Apr. 

116 

+  .26 

\ov. 

72 

+  .18 

1876  Jan. 

112 

—  .53 

Mar. 

70 

+  .l!i 

May 

93 

+  .03 

Dee. 

110 

+  .28 

Feb. 

97 

—  .67 

Apr. 

47 

+  .45 

June 

86 

+  .19 

1*74  Jan. 

99 

+  .27 

Mar. 

95 

—  .79 

May 

117 

+  .01 

July 

56 

+  .07 

Feb. 

59 

+  .31 

Apr. 

71 

—  .88 

June 

74 

+  .20 

Au-. 

91 

—  .06 

•   Mar. 

82 

+  .26 

May 

97 

—  .46 

July 

121 

—  .03 

Sept. 

98 

—  .42 

Apr. 

86 

+  .51 

June 

163 

—  .44 

Aug. 

112 

—  .16 

Oct. 

84 

—  .21 

May 

52 

—  .13 

July 

106 

—  ..-in 

Sept. 

108 

+  .28 

Nov. 

106 

+  .08 

June 

74 

—  .02 

Aug. 

115 

—  .30 

Oct. 

120 

+  .14 

Dee. 

115 

+  0  03 

July 

59 

—0.46 

Sept. 

72 

+0.02 

Nov. 

86 

+  0.60 

The  corrections  to  the  calculated  declinations  (in  the 
Introduction  to  vol.  V)  which  result  from  the  Cordoba  ob- 
servations, and  by  use  of  which  the  foregoing  table  was 
prepared,  are  themselves  not  without  instructiveness.  These 
corrections  are  entitled  to  far  less  confidence  than  are  the 
elaborately  deduced  "calculated  values,"  to  which  they  are 
applicable, — both  because  the  observations  upon  which  they 
depend  are  so  much  fewer,  and  because  the  final  means  have 
been  obtained  by  assigning  equal  weight  to  the  several 
monthly  means,  regardless  of  the  corresponding  number  of 


observations.      Still   the   character  of  these  resultant  values 
deserves  investigation. 

The  following  table  contains  the  data  in  question.  It  ex- 
hibits the  mean  monthly  values  of  C  —  O  for  each  of  the  54 
stars,  at  each  culmination,  derived  from  all  the  observations 
during  the  103  months  from  June  1872  to  December  1880. 
The  means,  given  with  their  respective  weights  in  the  last 
two  columns,  represent  quantities  to  be  subtracted  from  the 
adopted  "calculated"  declinations. 
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Declinations  of  Circlmpolar  Stars  Observed  ai   Cordoba. 
Means  of  Monthly  Values  of  C.  —  O.   for  each  Culmination,  and  Resultant  Coi 


Star 

u.  c 

i..r 

Mean 

Wt. 

Star 

i    I 

L.C. 

M 

W; 

1 

ya  Octantis 

25 

—ii 

.260 

23 

12 

28 

ri  Cliamael. 

2  1 

—  (1.023 

24 

+  o!o36 

12 

■) 

u 

7 

— 

.363 

7 

+ 

.  1  23 

— 

.120 

4 

29 

i  Octantis 

27 

+ 

.264 

+ 

.045 

+ 

.154 

12 

3 

fj  Hydri 

17 

— 

.027 

19 

— 

.054 

— 

.040 

9 

30 

8  Mm 

14 

— 

17 

+ 

.327 

+ 

• 

1 

).        " 

24 

+ 

.053 

26 

— 

— 

.023 

12 

31 

9 

— 

.414 

12 

— 

.116 

— 

5 

25 

— 

.059 

28 

— 

J  16 

— 

.102 

13 

32 

k  Octantis 

26 

+ 

.251 

24 

— 

+ 

.  1  22 

12 

6 

19 

— 

.111 

26 

— 

.459 

— 

.285 

11 

33 

0  Apodis 

26 

+ 

.176 

16 

+ 

+ 

1" 

7 

■■   Hydri 

28 

— 

.232 

28 

— 

.250 

— 

.24  1 

14 

34 

'i 

17 

+ 

.219 

15 

+ 

+ 

- 

8 

e 

23 

+ 

.087 

24 

— 

.i>2| 

+ 

.032 

12 

35 

8  Octantis 

21 

— 

.120 

10 

+ 

.096 

— 

- 

7 

:i 

22 

+ 

.315 

22 

— 

.256 

+ 

.030 

11 

<c  Apodis 

21 

+ 

.059 

12 

— 

— 

• 

10 

1    Hydri 

19 

— 

.160 

22 

— 

.379 

— 

.;'7n 

10 

37 

TT.fictd  litis 

14 

+ 

.077 

— 

.213 

— 

11 

27 

+ 

.078 

21 

— 

.225 

— 

.074 

12 

38 

P        " 

29 

+ 

.  2  a  2 

27 

— 

— 

1  ) 

12 

i;  Mensae 

21 

— 

.019 

27 

— 

.007 

— 

.013 

12 

39 

i\  Apodis 

26 

+ 

.025 

27 

— 

.  167 

— 

.221 

13 

£ 

31 

+ 

.017 

23 

— 

.237 

— 

.110 

13 

40 

. 

24 

+ 

.225 

21 

— 

2  2  7 

— 

.001 

11 

14 

;r        " 

30 

+ 

.158 

2  7 

+ 

.220 

+ 

.189 

14 

41 

a  Triang.A 

.  21 

— 

.320 

19 

+ 

.201 

— 

1" 

15 

£ 

30 

+ 

.067 

31 

— 

.275 

— 

.104 

15 

4  2 

26 

+ 

.0114 

27 

— 

.23  1 

— 

.115 

13 

16 

;■  Vulnntis 

10 

— 

.562 

12 

+ 

.705 

+ 

.1172 

5 

43 

X  Octantis 

27 

+ 

.104 

+ 

.'.61 

+ 

.132 

1  I 

17 

29 

+ 

.iM7 

31 

+ 

.1142 

+ 

.030 

15 

44 

<r 

18 

+ 

.049 

19 

+ 

.201 

+ 

.  1 25 

9 

18 

0  Chamw  I. 

36 

— 

.059 

26 

— 

.114 

— 

.086 

15 

15 

£    Pi  If  ill  is 

26 

— 

.077 

21 

— 

— 

12 

19 

1  a  rinae 

1-1 

— 

.112 

11 

+ 

.310 

+ 

.099 

6 

46 

32 

+ 

.07s 

26 

— 

.223 

— 

14 

20 

:  Octantis 

29 

+ 

.n72 

20 

— 

.247 

— 

.088 

12 

47 

30 

— 

.048 

- 

— 

.187 

— 

.118 

15 

21 

£  ( Tiariuu  I. 

29 

+ 

.157 

28 

+ 

.059 

+ 

.108 

14 

48 

a  Octantis 

28 

+ 

.031 

37 

— 

— 

16 

22 

:•■ 

l'ii 

— 

.072 

20 

+ 

.056 

— 

.008 

1" 

19 

B 

9 

— 

.10.3 

14 

+ 

— 

.014 

23 

t»  Carinae 

11 

— 

.085 

7 

— 

.014 

— 

.050 

4 

50 

i,        " 

32 

+ 

.021 

34 

— 

.213 

— 

.096 

16 

24 

I 

23 

— 

.040 

11 

— 

.020 

— 

.030 

7 

51 

o         '  • 

2  1 

— 

.210 

31 

— 

.115 

— 

11 

25 

8sOha 

25 

+ 

.239 

■_>7 

— 

.051 

+ 

.094 

18 

52 

§ 

— 

.018 

30 

— 

— 

14 

26 

i{  Octantis 

27 

+ 

.364 

19 

— 

.063 

+ 

.150 

11 

53 

T 

22 

— 

.o7o 

. 

— 

— 

12 

■j- 

28 

+  0 

.234 

28 

+0.1  I.". 

+  0.190 

14 

54 

; 

26 

— 0 

.291 

13 

If  these  quantities,  18,  be  combined  for  each  hour  of  right- 
ascension,  and  charted,  the  existence  of  a  term  dependent 
upon  the  right-ascension  becomes  conspicuous.  This  term 
may  be  approximately  represented  by  the  expression  — 0".052 
-r-0*Ml8  sin(a+18h).  It  might  be  plausibly  explained  by 
the  influence  of  the  periodic  variation  of  fourteen  months' 
period  in  the  earlier  observations  from  which  the  proper 
motions  were  deduced,  since  this  must  necessarily  affect  the 
calculated  declinations,  employed  in  forming  the  residual 
('  —  ( >.  and  act  a>  a  function  of  the  right- ascension.  Or,  it 
might  be  supposed  that  a  slight  error  exists  in  the  constant 
of  aberration  employed  for  reducing  the  observed  declina- 
tions from  apparent  to  mean  positions.  In  order  to  determine 
the  value  of  this  term,  five  from  the  effect  of  any  periodic 
variation  of  the  latitude  during  the  continuance  of  the  obser- 
vations, the  table,  just  given,  was  constructed  anew,  using 
only  the  results  from  1874  .Ian nary  to  1880  I  December.  These 
seven  consecutive  years  comprise  Bix  full  periods,  so  thai 
the  effect  upon  the  term  in  question,  produced  by  any  syste- 
matic variation  in  the  observed  declinations,  is  necessarily 
eliminated,  whether  its  period  be  twelve  months  or  fourteen. 
The  variation  dependent  upon  the  right-ascension,  as  de- 
duced from  this  somewhat  smaller  series,  is  not  ven  differ- 


ent from  the  previous  value,  being  approximately  ex 
by 

— o".o.3s  +  ii ".075  sin(«+  18 

Considering  next  the  corrresp line;  values 

ducible  from  the  half  differences  of  the  mean  values  of  <  — O 
in  the  table,   no   systematic   variation   dependent  upon  the 
right-ascension  is  recognizable  in  them  ;  but  when  t 
arranged  according  to  the  polar  dis  -,  the 

case  is  somewhat  otherwise.     For  while,  here  ale 
variation  depending  upon   the  declination   is  to  be  pe  ■ 
for  polar  distances  less  than  13°,  the  valu  - 
decidedly,  although  slightly,  smaller  for  declinations  smaller 

than  77".       It  would  he  natural  to  attribute   thi-    to   a 

tion  near  the  horizon  somewhal  greater  that 

mi's  constant;    bul   such   interpretation   is  excluded   by  a 

nearer   examination,  inasmuch    as    the    dlBCOrdai 

tially  the  same  at  each  culmination. 

I       -e  facts  are  easily  recognizable  upon  inspection 

following  tables,  which  are  formed  from    the  total  of   the 
observations  made  during  the  >nin  years  beginning 
1874.     The  first  Bhows  foi   each  star  the  balf-differei 

the  mean  values  , .    i         0    as  derived  from  the  two  culmi- 
nations during  thesi  .-,  \.  u  rears. 
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Jf 


Cordoba    Latitude-Corrections,    I  If). 
Half-Excess   of    i         0     al    i  pper  Culmination. 

Wl  Deri,  jc-  Wt. 


J  W\ 


1 

antis 

10 

19 

1  Co  ■ 

69 

12 

— ( 

.-.'11 

6 

37 

7  Octant  is 

32 

32 

1  0.096 

7 

2 

,, 

89 

1 

— 

.255 

■> 

20 

;  i i.t.i ntis 

85 

10 

+ 

.112 

8 

38 

p 

84 

:; 

+ 

.229 

1  1 

8 

p  Hjfdri 

77 

58 

+ 

.012 

7 

21 

£  ( 'hamael. 

80 

■:■■ 

— 

.'ill 

12 

39 

i  Apodis 

7  s 

23 

— 

.026 

10 

l 

J 

7.'i 

— 

.072 

HI 

22 

."        ' ' 

si 

37 

— 

.  1  86 

8 

10 

i 

7  s 

37 

+ 

.107 

9 

■  > 

79 

8 

— 

.012 

in 

28 

i,i  <  'arinae 

69 

25 

— 

.111 

I 

11 

a.  '1'ii. .  1  us!  r 

68 

18 

— 

.200 

3 

6 

85 

24 

+ 

.  1  29 

9 

24 

I 

7;; 

L'l 

— 

.082 

6 

12 

80 

II 

+ 

.076 

l  I 

7 

•  Uydri 

79 

39 

— 

.in  IS 

II 

25 

,v  ( 'hamael 

79 

53 

+ 

.118 

11 

13 

^  Octant  is 

87 

39 

— 

.132 

11 

8 

% 

72 

23 

— 

10 

26 

;     Oft,  I,,  Us 

83 

55 

+ 

.146 

9 

ll 

IT 

39 

17 

— 

.2  is 

7 

9 

78 

16 

+ 

.115 

B 

•.'7 

84 

56 

— 

.030 

ll 

15 

.  Pavonis 

71 

32 

— 

.112 

9 

Ki 

II ■  Iri 

71 

37 

— 

8 

28 

;  ( liiimti, i . 

78 

37 

— 

.172 

9 

16 

82 

(I 

+ 

.090 

12 

11 

83 

10 

-f- 

.  1  20 

9 

29 

1     (hi, in lis 

SI 

■_>7 

+ 

,108 

9 

17 

83 

12 

+ 

.090 

12 

12 

,  il/ensae  "- 

75 

8 

+ 

.012 

10 

30 

8  Afuscae 

70 

52 

— 

.228 

7 

18 

a  Octiintis 

77 

30 

_. 

.080 

18 

18 

J 

38 

+ 

.084 

10 

31 

85 

II 

— 

.262 

1 

19 

B 

89 

25 

+ 

.ii7ii 

1 

i  ; 

W          " 

80 

84 

— 

.154 

1  I 

82 

K  Qctantis 

85 

9 

+ 

.119 

in 

50 

/,        •• 

83 

17 

+ 

.094 

1  1 

15 

-            ■■ 

•11 

+ 

.033 

12 

33 

a  Apodis 

76 

1 1 

+ 

.022 

8 

51 

,, 

86 

36 

— 

.116 

12 

16 

1  olantis 

7(1 

18 

— 

.6  7:; 

."i 

34 

> 

80 

25 

— 

.130 

6 

52 

§ 

82 

•_< 

+ 

.180 

12 

17 

86 

19 

+ 

.038 

12 

35 

antis 

83 

6 

— 

.160 

5 

58 

T 

88 

10 

+ 

.100 

9 

18 

8  Cli  i ' 

77 

5 

0.068 

12 

86 

l(    A  IK  1(1  is 

78 

31 

0.080 

6 

54 

/  1 

82 

i:; 

-  0.035 

i  l 

The  second  gives  the  mean  of  tlie  same  quantities  when  differences  for  the  several  stars  of   the  respective  groups, 

combined,  according  to  the  declination  of  the  stars,  in  groups  combined  by  weights  depending  on  the  number  of  months  in 

The  observations  of  yt  Volantis  are  omitted,  in  which  they  were  observed.     Those  of  C. — O.  given  for  each 

consequence  of  this  star's  large  deviation  from  its  calculated  culmination,  were  obtained  by  using  the  same  weighl   for 

position.  —  a  subjecl  to  be  considered  at  another  time.  each  star,  without  regard  to  the  Dumber  of  months  of  obser- 

The  values  of    t<f  arc  the  mean  values  of  all  the  half-  vation. 


Mean  Values  of  Latitude-Corrections,  according  to  Declination  of  the  Si  irs. 

C  — O 


c  — O 


Decl. 

Mean 

No.    oils 

r* 

Wt.. 

i.e. 

i.e. 

Decl. 

Mean 

\,,  obs. 

./','• 

Wt. 

I  .  c. 

L.  C. 

89°88 

nil 

—0.038 

22 

—0.233 

—0.113 

77.76 

77    12 

806 

—0.040 

40 

—0.060 

+  o'o09 

87,86 

87     0 

620 

—   .1167 

35 

—  .095 

+    .032 

75,74 

7.".     'J 

134 

—  .046 

28 

—  .017 

+    .079 

85,84 

84   .".I 

960 

+    .086 

62 

+    .111 

—   .098 

7:;.  72 

72   46 

293 

—  .049 

16 

—   .022 

+    .085 

83,82 

82  54 

17S1 

+    .095 

111 

—   .021 

—  .195 

71.70 

71    12 

211 

—  .163 

16 

—   .083 

-t-    .251 

SI. so 

80    12 

989 

—  .054 

60 

—   .005 

+    .071 

69,68 

69     4 

259 

—0.181 

18 

—0.164 

+  0.199 

79,78 

79      1 

1023 

|  ii  009 

—  0.011 

—0.069 
Concluded  in 

next   mi  in 

ier.  i 

NOTE   ON   SECULAR  VARIATION   OF    LATITUDE. 

By  S.  C.  CHANDLER. 

that  the  force  of  hi 


I  am  very  reluctant  to  say  any  more  on  tins  lopic.  but  do 
nol  see  how  1  can,  with  courtesy,  avoid  answering  Prof. 
Comstock's  two  earnest  requests:  first,  that  I   present  good 

is  for  not  rejecting  the  Washing! eflectfton-observa- 

tions  —  the  answer  to  which  is  that  I  did  reject  them;  sec- 
ondly, that,  "as  a  matter  of  simple  justice"  I  .should  amend 
my  statement  so  that  it  may  read,  ■•the  presumed  (secular) 
varial  upon  observations  at  Washington,  Cam- 

bridge and  Madison,  which  arc  in  substantial  agreement  both 
as  to  magnitude  and  direction  of  motion."  The  meaning  of 
this  is  not  quite  clear.  If  a  difference  of  opinion  exists  be- 
tween A  and  B  as  to  a  matter  of  fact,  it  is  hard  to  see  how 
••simple  justice"  requires  A  to  adopt  B's  view,  anymore  than 
it  requires  B  to  adopt  A's.      If  Prof.  Comstock's  meaning  is 


new  arguments  is  so  great  that  they 
settle  the  matter,  and  that  this  fact  ought  to  be  publicly  ac- 
knowledged, his  request  is  intelligible;  but  it  is  inadmissible, 

because  he  appears  to  be  mistaken  on  the  following  points: 

1.  In  stating  that  I  rejected  ',  I',rsii  for  discordance 
merely.  The  red  reason  he  will  find  in  nos.  255  and  256. 
I'ntil  we  know  more  about  the  irregularity  in  the  proper 
motion,  the  star  is  disqualified  for  any  fundamental  use. 

2.  In  throwing  out  the  asymmetric  prime-vertical  obser- 
vations of  1844.5.  thus  erroneously  diminishing  the  latitude. 

3.  In  correcting  A.uwers's  declination  of  y  Andromedat 
by  — 0".28  with  a  similar  effect. 

1.  It  is  inconsistent  to  admit  doubt  as  to  Bradley's  lati- 
tude and.  nt  tin'  same  time,  to  accept  without  question,  as 
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evidence  of  change  of  latitude  merely,  a  difference  between 
other  latil  iide-determinations  based  on  Ai  wi  rs's  proper  mo- 
tions, which  resl  on  Bradley  as  absolute. 

.").  Rogers's  determination  in  l^CI  was  made  when  the 
fourteen-month*'  variation  was  near  :i  maximum. 

6.  For  the  above  reasons,  erven  a  much  larger  difference 
than  Prof.  Comstock  finds  (0".o)  between  the  two  Cam 
prime-vertical  values  would  melt  away. 

7.  The  foregoing  presents  a  better  illustration  than  I 
could  have  invented  of  the  truth  which  Prof.  Comstock  calls 
my  "  most  serious  error  of  all,"  namely,  the  remark  that  "it 
is  premature  to  speculate  upon  the  secular  variation  until  the 
laws  of  the  periodic  variation  are  more  fully  understood." 

8.  Prof.  Comstock  dismisses  thi  Washington  transit- 
circle  observations  because  '•  it  does  nut  seem  profitable  to 
spend  much  time  upon  their  discussion."  1  have  spenl  a 
good  deal  of  time  on  them,  and  hope  that  the  results  when 
printed  will  show  that  it  lias  not  been  wasted,  and  that  we 
can  infer  from  them  something  of  more  significance  than  that 
"  the  latitude  has  probably  not  changed  more  than  three  Or 
four  seconds." 

The  above  point-  seem  to  provide  answers  to  Prof.  CoM- 
sioi  k's  questions.  Of  course  I  cheerfully  admit  that  the 
Washington  prime-vertical  observatii  -9  and  1882-4 

support  his  hypothesis,  albeit  it  is  support  which  it  could 
well  afford  to  do  without.  I  would  most  gladly  have  made 
this  exception  in  his  favor,  explicitly,  before,  but  did 
not  feel  sine  that  he  would  lie  pleased.  And  here  on 
as  to  Ins  livelj  and  easily  aroused  sympathy  for  the  Naval 
Officers.  I  neither  made  nor  intended  any  reflection  what- 
ever on  their  capacity.  Capacity  is  not  in  question,  hut 
skill  and  experience.  'The  astronomical  work  of  a  naval 
officer  who  has  these   in   a    sufficient   degree  to  naaki 


prime-vertical  observations,  and  to 

entitled  to  the  same  respectful  treatment  as  any  other.     Hut 
there  are  many  professional  astronomers    who   w  mid    feel, 
and   willingly  admit,  a  good  deal   of  diffid   ice   in   their  own 
ability  to  avoid   successfully  the    pitfalls  whicl 
technical   class  of    work.      I.    for    one,    freely    ackno 
that  1  should  undertake  il  with  some  trepidation.     I   - 
equally  distrust  the  results  obtained  by  an  it  hav- 

ing special  training  for  it.  whether   naval   officer  or  not,   and 
should  not  be  surprised  at  his  unearl  such  pecnliar 

phenomenon  as  has  apparently  been  turned  up  by  thee 
starvations  in  question.     I   furthermore  do  not  believe  that 
au\  sensible  naval  officer  can  take  offence  at  hoi 
of  the  sort,  although  he  may  think  it  unreasonable  and  pre- 
judiced. 

In  conclusion,  Prof.  Comstock  will  find  it  of  inter 
examine,  in  the  light  of  his  hypothesis,  Prof.    ! 

Work  on    latitudes,  which    appears   to    me    I  ualde 

contribution    on    this  subject   which  has  yet  appeared.     It 
satisfies  the  most  exacting  requirements  as  to  i 
being  the  result  of  one  observer's  continued  work,  us 
same   instrument,    method,   and    stars.       The   cu 
t-ticr-  between  the  1*77  and  1886  results  urnal, 

VII.  Ill  we  may  now  certainly  trace  to  the  fourteen  t. 
variation,  and  the  later  ones,   1888   and    1890,  will   : 
prove  equally  amenable,  when   I   have  fully  determine: 
law  of  increase  in  the  period,  on  which  1  am  i 
with  the  end  in  sight.     Prof.  I> 

contradict   Prof.  (  OMSTO<  k's  lij 

Cambridge,   Melbourne  and   the   Washington  transit-' 

stimony  of  this  last    is 
the  mural-circle  values,  obtained  by  Prof.  Coffin   h 
|  and  Prof.   Ni  "'  OMP  it 


OBSERVATIONS    OF    THE    PERIODIC    COMET    OF    WOLF    (61891), 

MM, I      \l     I'HF.  OBSERVATOR1     01      ml     Mill     UNIVERSITY,   COLOMBIA,    MO.,    WITH     llll     74-INCH   EQUATORIAL, 

Bl    MILTON   I   PD1  '.KAI-'K. 


1891  Columbia  M.T. 

* 

No. 
,   Comp. 

Ja 

-* 

./S 

-    's  apparent 

a                        S 

Sept.  29     15  30™  16*1 

tiet.       i     it;     ii  ;,»;. i 

l     16   12  51.3 

:i     l  l  39  55. 1 

1!      14  42    15.3 

1 
•J 
3 
1 
5 

13 

9 

s 
9 
8 

—2   2      '- 
+  3      7. -j:, 
—3     8.41 
—  1      -.Ml 
+  1   21.70 

—  4  .".7. 7'.' 
+  -I   21.98 
•   t   57.88 
+  .-> 
—1  51.89 

I   ■_' 7  38.55 
■1  30  53.06 
1   35   17.12 

1   36    ll.ll 

<,  13  33    15.8 

+  12      1      9.4 

10  50.6 

-    26  54.2 

s  -    - 

- 

Mean   Places  for  1891.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1891 

-C 

1 

■_) 
3 

■l 

."> 

4"  27m39'67 
1   24   29.10 
1  33  59.26 

I  36  if,.:':', 
1   32  20.05 

+  2. 1 5 
+  2.20 
+  2.21 
+  2.:::: 
+2.89 

+  1  l  36  52.6 
+  18  29   11. 0 
+  11    58  58.6 
+   9  25  38.8 
+   8  28  82.0 

1  12.27 
+  12.82 

•  13.57 
4.  1  1.07 

t ;iase,,w  Catalogue 

,i 

Glasgow  Catalogue 

Sept.  29 
Oct.      l 

1 

9 
11 

- 

—14.9 
—11.0 

The  residuals  In  the  last  column  are  obtained  by  comparison  of  the  observed  places  with  the  ephemerla  In  a    V    \ 
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THE    NEW    STAE    IN    AURIGA, 


vclj  few  nen  observations  of  this  star  have  as 
yel   been  received,  the  weathei   having    been  exceptionally 
■  luring  i  be  last  three  weeks. 

.Mr.  m«ui;  writes  tbal  lie  has  I n  prevented  by  illness 

from  observing  it,  excepting  ou  the  nights  of  Feb.  16  and 
18.     <in  the  former  be  estimated  it  as  just  equal  in  bright- 
ness to  DM\  30  898        Lai.  101  l  I,  and  three  steps  fainter 
than  DM.  30°869     =  W.  Bessel    V,  331.      On    Feb.  18    be 
found  tbal  the    tar  bad  increased  by  about  half  a  magnitude, 
being  five  steps  brighter  than  Lai.  101  13,  four  brighter  tuan 
ad   five  fainter  than  \.      From  careful  de- 
terminations in  .-i>i  unpublished  catalogue  of  the  magnitudes 
of  the  comparison-stars,  adjusted   to  Argelandek's  scale, 
their  brightness  is :  x  Aurigae,  t".9  ;  F.26and  DM.  30°869, 
'.8  j    Lai.  10143,  5". 9.     II. ■nee  that  of  the  new  star 
.  6,  and  5M.  I  on  Feb.  18. 
Mr.  Yi  ami  l  has  obtained  seven  observations  of  the  star 
on  sis  uights  from  Feb.  9  to  Feb.  22.     The  estimated  mag- 
nitudes varied  from  ii"  ii  to  6". 4  during  this  period,  bul  want 
the  postponement  of  the  individual  obser- 
uutil  the  nexl  number  of  the  Journal.     The  star  ap- 
to  him  of  a  bright  bluish  white  color  with  no  tinge  of 
redness. 

The  Astr.  Nachrichten,  no.  3076,  contains  the  following 
information,  additional  to  that  given  in  tliis  Journal,  no. 
l'  5  5 . 

A  i  Bonn,  Feb.  2,  Prof.  KOstnkh  made  a  careful  comparison  of  the 
magnitude  with  thatof  three  neighboring  stars.  He  estimated  it  as 
half  a  magnitude  fainter  than  \  Aurigae  ;  Little,  if  any  brighter  than 
F.  it:  and  decidedlj  brighter  than  F.  26;  the  resulting  magnitude 


being  thus  6".6.  Prof.  Driciimullbb  observed  the  star  on  the 
meridian,  and  obtained  the  position,  for  1892.0,    o 

A  =  +30    '-'  I '   i 

The  region  had  been  examined  for  the  Bonn  D 
s. -in. m  i.i  i..  1656  March  26,  and  Kruegbr,  1857  Feb.  16.    Also  again 

bj  Km  i  ..i  i:  in  tin-  revislon-z 1858  March  23,  on  which  date  he 

observed  a  star  9"  rom   the  place  >.f  the  new  one  h.\ 

i'  8.     I  in-  fainl  star  has  now  been  observed  anew,  at  Bonn 
and  Ham 

\i  I  psala,  Prof.  Di.m'.i:  determined  it-  positiot Feb.  2,  esti- 
mated it-  magnitude  a-  5".6,  an. I  noted  it-  color  as  yellow,  mi  lo- 
in "i  Hi.-  spectrum,  although  with  inadequate  apparatus,  a 
very  bright  line  was  easily  seen  at  the  red  end,  an. I  another  in  the 
Mm  green  which  lie  supposed  to  be  probably  the  hydrogen-lines 
'an. I  /•'.  <>n  Feb.  .".  th.' star  was  almost  as  bright  a-  \  Aurtg 
ah. mi  5M.0;  bul  ..n  tin-  next  night  it  appeared  decidedly  fainter 
than  x- 

At  Turin,  Prof.  I'. .1:1:..  estimated  tin-  brightness    1  1  b  8   as  nota- 
ably  superior  to  that,  of  X- 

\\  Ki.l.  Mi.  F.  Kroeger  observed  the  spectrum,  Feb.  2,  and  re- 
ferred it  t"  Vogel's  type  11'-.     It  was  brilliant  and  well 

through   all  the  colors  from  tin'  re. I  to  far  within   the   violet,  which 

was  very  bright  ami  extended,  'there  was  a  broad  black  band  near 
C.  In  the  red  and  orange  were  three  groups  of  line-,  separated  bj 
equal  intervals,  ami  of  nearly  equal  width  ami  intensity,  all  toler- 
ably wide,  hut  faint.     A  bright  orange  line  was  recognizable  near 

tin'  outer  limit    of   the  third  group.      Iii    tie-   greet)    were   numerous 

dark  lines,  which  increased  in  breadth  ami  depth  toward  tin'  blue. 
A  very  broad  black  band  was  near  the  limit  of  the  bine-green, 
blurred  on  the  more  refrangible  side.  Two  other  broad  bands  of 
similar  character  were  visible  in  the  violet,  the  broaderlying  nearer 
to  the  green.  //;  was  nol  visible  as  a  bright  line.  The  star's  color 
was  a  .lark  straw-yellow  .  ami  Its  magnitude  4M.7. 

Ou  Feb.  4  ami   6  the  sky  was  less  transparent,   ami   the  star  ap- 
peal e.  I  decidedly  brighter  than  ,\;  on  the  6th  its  color  was  orange. 


NEW    ASTKROID. 


A  planet  of  the  eleventh  magnitude  was  discovered  by  Pa  lis  a,  at  Vienna,  February  25,  and  observed  as  follows: 
1892  Febr.  25.5454  Greenw.M.T.      re  =   10"  26™  17.1,     3  =  +7°  40' 35".      Daily  motion,  —56"  in  a.  and  3'  northward. 


This,  if  it  prove   not  to  have  been  previously  seen,  will  bear  the  number  •">'-'•") :  preceding  ones  being  numbered  as 
follows  : 

319  Charlois  1891  Oct.    8          321     Palisa       1891  Oct.    15     !     323     Won      1891  Dec.   22 

320  Pai.isa  Oct.  11          322     Borrellt            Nov.  27          324         "         1892  Jan.   20 

The  name  Coiislmitia  has  been  "iven  to  no.  31o. 
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PERIODIC    VARIATION    OF   THE    LATITUDE   AT   CORDOBA, 

By  B.   A.  GOULD. 

(Coutinued  from  pasre  134.) 


Iiefore  examining  whether  the  periodic  variation  of  127 
days  is  manifested  by  the  Cordoba  Observations,  we  will  in- 
quire into  the  existence  of  any  annual  variation  according  to 
cyclical  law.  For  this  purpose  the  mean  values  of  C. — O. 
for  the  declinations  observed  in  each  month,  during  the  103 
months  of  observations  here  considered,  are  presented  in 
tabular  form,  together  with  means  of  these  values  accord- 
ing to  tin'  number  of  observations  upon  which  they  i 
lively  depend.     In    forming  these   last,   however,  only   the 


values  for  the  seven  years,    1874— 18f  nployed,  in 

order  to  eliminate  the  effect  of  the  periodic  variation.  The 
first  nineteen  months  were  omitted,  rather  than  the  last  nine- 
teen, on  account  of  the  apparently  abnormal  maximum  in 
the  early  part  of  the  year  1873.  The  monthly  means,  are 
those  of  the  first  table  in  this  article,  obtained  from  all  the 
observations,  at  both  culminations,  reduced  by  using  the 
latitude  31"  -'•">'  15".46. 


Declinations  oi    Circumpolars  (Calc. — Obs.). 

1872 

1-7:'. 

1s74                   is?:, 

1-77 

•- 

si   +0*211 

• 

99  +0.2    - 

121    - 

■ 

Feb 

37  +  .<■■;: 

59   +  .Ids     102  +  .111 

97         .664 

112  —  .182 

72   +   .354 

March 

12  +0.748 

82  +  .326       as  +  .144 

66  —  .059 

85  +  .090 

115  +  .192 

611   - 

April 

L33  +1.287 

lie,   _   .illli 

71  —  .778 

46  +  .165 

90  +  .106 

• 

Mav       

.->::  +0.943 

52  —  .005 

in;  +  .269 

97  —  .336 

115  —  .306 

117  +  .098 

■    .176 

.tune    2.".   +0.152 

st  +  .;s.-, 

74  +  .out; 

116  +  ..".71 

66  —  .326 

74  +  .292 

.Inh     63  +  .083 

140  +  .628 

.v.i  —  .341 

128   +  .511 

■ 

121    +  .008 

71   +  .067 

•    .118 

Aug.    41  -f-  .093 

139  +  .24:. 

87  —  .217 

116  +  .056 

115  —  .286 

112  —  .186 

91  —  .074 

Sept.   92  —  .0(18 

67  —  .154 

66  —  .27.S 

81    —  .724 

72  —  .034 

82  —  .102 

Pis  -|-  .225 

10:',  +  .195 

177 

610  - 

'  »ct.    :'<;  —  .:;n:; 

si   +  .387 

59  —  .040 

86  —  .639 

55  -  .074 

120  +   .057 

47,  4-  .248 

-l 

544 

Nov.    80  —  .214 

72  +  .037 

74   —   .1)17 

110  —  .667 

46  —  .290 

89  —  .096 

86  +  .4si; 

80   +   .2i  '7 

591 

Dec.    87  —0.065 

110  +0.204 

SO  —0.004     121  —0.576 

07  —0.231 

83  +0.020 

The  decided  annual  variation,  exhibited  in  the  final  I 
of  mean  values  for  the  several  months,  cannot  be  overl 
whatever  the  influence  to  which  it  may  be  referable.  In  the 
absence  of  any  indication  as  to  it>  origin,  it  may  be  attributed 
to  instrumental  causes,  or  to  terrestrial  ones.  The  phenome- 
non i.-  apparently  the  same  as  thai  already  recognized  when 
the  values  of  tS,  deduced  for  the  several  stars,  are  arranged 
in  the  order  of  the  right-ascensions  ■'!   tie  se.     The  facl  thai 

the  extremes  of  variation  occur  in    the    spring  and  autumn  is 

unfavorable  to  the  hypothesis  that  it  is  connected  with  the 
temperature.  The  variation  may  be  approximately  repre- 
sented by  the  !',,r [a  OM04  sin(30°m  * 

in  which  m  denotes  the  number  of  the  month,  beginning  with 
January  as  the  Brs1 , 

The  degree  Of   accord    between  the  formula   ami   the  mean 
values    t',,r    the    several    month-,    a-    shown    in    the    foregoing 


table,  is  sufficient  to  remove  any  token  >■:    -    -  ••n  the 

residual  differences.     We  have,  namely, 


i  >!>~cr\  ation 

Formula 

Januai  v 

015 

036 

February 

—   .1 

+    .017 

- 

March 

+    .022 

+    .o.".:' 

April 

+    .136 

+    .1  38 

• 

Mav 

+    .(>•_'.-. 

+    .075 

—  .050 

June 

+    .096 

+     .011 

July 

+   .or,  i 

—    .001 

- 

Alieust 

—    I 

—  .1 

.. 

September 

—  .168 

—  .1 

—  .069 

October 

—  .1 1: 

—  .128 

—   .019 

N..\  ember 

—   .071 

—  .11.". 

December 

—0.049 

—0  ■  - 

Time 


The  amount  of  annual  variation  indicated  by  thi-  formula 
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should  evidently  be  removed  from  the  individual  monthly 
means,  before  <ve  proceed  to  test  the  evidence  which  they 
may  contain,    regarding   the   latitude-variation    which    Dr. 

<  ii  wit i  r  has  shown  to  exist  at  other  places. 

Subtracting,  then,  from    the   several  monthly  means  al- 


ready  al  hand,  these  small  amounts  corresponding  to  the  an- 
nual variation  for  the  same  month,  we  obtain  the  values  ar- 
ranged below  in  groups  of   II   months  each.     The  ana 

of  these  groups  nife  taken  without  regard  bo  the  number  of 

Obsi  i  \  al  inns. 


VfONTHLl     .Mian-    OF    ('. — 0.    IN    I  >l.<  I.INATlox  ,    FREED    FROM     A\M    \l     VARIATION. 


1 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 
XI 

XII 

XIII 

XIV 


Mean 


Arranged  in  (ii 

OUpS   of   l-'oi 

ls7L'  June 

1873   Vug. 

1874  Oct 

1875  Dec. 

In 

to 

to 

to 

is:::  July 

1874   Sept. 

■   Nov. 

1877  .Ian. 

♦   II.  IDS 

+    .087 

+  0.3H2 

+  0.082 

—0.492 

—   .055 

+    .098 

—   .513 

f     .I.V.I 

+   .515 

+   .080 

—  .681 

+   .031 

+    .152 

+   .030 

•     —   .814 

—    .17.". 

+   .288 

+    .094 

—  .866 

099 

+    .274 

+    .085 

—  .411 

+   .019 

+    .151 

_  .098 

—  .385 

+    .217 

+    .267 

+    .194 

—  .270 

f     .Dili 

+    .517 

+   .527 

—  .229 

+  0.689 

—  .170 

+     .515 

+    .065 

f  1 . 1 911 

+   .052 

+    .112 

+    .05  4 

+  0.863 

—  .337 

—  .625 

-    .175 

f     .711 

—  .160 

-  .51  1 

—   .147 

1  0.632 

— 0.1711 

—0.552 

—0.018 

t  0.365 

+0.1 15A 

+  0.002 

—0.349 

Each, 


1877  Feb. 

to 

1878  Mar. 

-0.199 

—  .lis 


077 

-  .381 

—  .370 

—  .197 

—  .154 

-  .mi:; 

+  .or,  5 

+  .019 
+  .KM 
+  .4  00 
+  .337 
+  0.202 

—  -0.018 


+ 


L878  Apr. 

1879  .Ii 

1880  Aug. 

to 

to 

1879  May 

1880  July 

1880  Dec. 

4  0.458 

4-0*204 

. 

f    .023 

+    .071 

—  .37s 

r    .2  is 

+    .314 

—  .198 

+    .012 

+   .294 

+    .080 

—    .129 

+   .376 

•  0.063 

+    .324 

+   .322 

+    .185 

+    .106 

1     .601 

+    .228 

+   .608 

—  .027 

f    .125 

+   .133 

+   .mil 

+    .252 

+    .1131 

+    .101 

+      .HIS 

+    .234 

f  0.-229 

+  0.122 

•  0.195 


•  0.195 


Excesses  above  ihk  Mean  Value,  for  each  Group. 


1 

—0.257 

+0.186 

+  0.080 

—0.14.". 

— 0.1*1 

263 

+  0.0n:i 

— ...in 

II 

—  .278 

—  .170 

+    .096 

—  .164 

—  .Hat 

—   .172 

— 

.124 

—   .13 

III 

—  .215 

+    .400 

+    .078 

—  .332 

+     AVX, 

+    .053 

+ 

.119 

+    .03 

IV 

—  .334 

+   .036 

+    .028 

—   .465 

—  .363 

—  .183 

+ 

.099 

—   .17 

V 

—   .510 

+    .172 

+     .092 

-   .517 

—    .352 

—   .321 

+ 

.181 

—   .13 

VI 

—  .n;i 

+    .158 

+    .083 

—  .062 

—   .179 

+    .129 

+ 

.127 

—  .08 

VII 

—  .346 

+    .036 

—   .100 

—   .036 

—  .136 

—   .010 

— 

jis:. 

—  .10 

\  III 

—  .lis 

+    .152 

+    .192 

+    .079 

+    .015 

+    .0)6 

+ 

.028 

+    .11 

IX 

+    .215 

+    .402 

+    .525 

+    .120 

+    .053 

+    .41:; 

— 

.222 

+    .22 

X 

+    .324 

—  .286 

+   .51:; 

+    .414 

+    .0:17 

—  .117.) 

— 

.062 

+    .12 

XI 

+    .834 

—  .064 

+    .1  10 

+    .403 

+    .122 

—  .i:i| 

+ 

.05  7 

+    .is 

XII 

+    .50:1 

—  .452 

—   .627 

+    .174 

+    .lis 

—  .161 

— 

.094 

—   .04 

XIII 

+   .376 

—  .276 

—   .513 

+    .202 

+    .355 

—  .177 

+ 

.039 

.01) 

XIV 

+  0.26  7 

—0.291 

—0.554 

+  0.331 

+  0.220 

+  0.031 

—0.078 

— 0.01 

.The  liist  and  fourth  of  these  groups  exhibit  the  periodic 
variation  conspicuously,  and  in  accordance  with  the  law  in- 
dicated by  Chandler.  So,  too,  does  the  fifth,  although  in 
a  less  degree;  but  the  same  cannot  be  said  of  the  other  four. 
No  supposition  i.-  admissible,  that  the  means  of  so  many  care- 
ful Observations  are  affected  by  casual  errors  to  such  an  ex- 
tent as  these  residuals  would  imply  :  and  the  nnin, test  tokens 
of  cyclical  law,  shown  by  the  series  of  mean  values  for  the 
-.  indicate  that  the  results  require  more  elaborate 
study. 

Inasmuch  as  the  purpose  of  this  article  is  not  to  determine 
the   laws  of   the    periodic    variation,    hut   solely    to    provide 


additional  data  for  the  investigation  of  this  curious  and 
evidently  complex  phenomenon.  I  do  not  enter  upon  any 
thorough  discussion  of  it.  It  suffices  to  say  that  careful 
inspection  has  convinced  me 

1)  That  Chandler's  periodic-  variation,  of  about  four- 
teen months,  is  clearly  manifest  in  the  Cordoba  obs.  na- 
tions ; 

2)  That  the  manifestations  fluctuate  so  irregularly,  during 
the  103  months  lure  considered,  that  we  are  compelled  to 
assume  that  the  effect  of  some  other  variation  is  superposed  : 

3)  That  both  the  period  and  the  amplitude  of  Chandler's 
variation  fluctuated  considerably  within  short  intervals; 
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4)  That  the  monthly  means  are  inadequate  to  exhibit  the 
phenomena  with  sufficient  exactitude.  Semi-monthly  means 
should  lie  employed,  at  the  least,  if  nut  ten-day  means. 

The  circnmstance,  that  the  same  stars  could  no1  be  ob- 
served at  both  culminations  in  the  same  month,  must  be 
obviated  so  far  as  possible  by  the  employment  of  a  large 
number  of  stars,  if  deductions  arc  to  In-  drawn  from  a  com- 
bination of  observations  above  and  below  the  pole ;  i 
inferences  can  be  only  roughly  approximate. 

In  the  second  of  the  pair  of  tables,  jusl  given,  the  mean 
value  for  each  group  of  fourteen  months  has  Keen  subtracted 
from  the  several  monthly  value-  forming  the  group,  in  order 
to  make  the  character  of  the  variation  daring  the  fourteen 
months  more  conspicuous.  Not  only  do  three,  at  leas 
of  the  seven  groups,  -how  periodic  variations  entirely  analo- 
gous to  those  expressed  by  Chandler's  formula  in  no.  249 
(p.  70)  of  this  Journal,  but  the  same  is  clearly  recognizable 
in  the  mean  of  all. — which,  however,  necessarily  exhibits  a 


smaller  amplitude  and  some  little  discordance  in  the  • 

of  maxima  and  minima. 

Yet  a  slight  modification  of  the  an  i    s 
although  assuredly  not  the  best  that  could  in-  made,  suffices 
.  grounds  foi    tin'   conviction,  already  expressed,  that 

riod  was  not  constant  during  the  eight  yi 
which  these  observations  extended.     For,  if  tl 

uced  to  13  months,  and  the  fourth  increased  to  15,  by 
transferring  July  1873  t"  the  second  group,  the  lasl  month 
of   the   second   to  the  third,  and   the   last  of  tin-  third  I 
fourth,   the  periodic  variation  becomes  yet    more   distinct, 
while  the  epochs  of  maxima  and  minima  in  the  several  _ 
show  a  better  correspondence.     The  following  table,  analo- 
gous to  the  second  of  those  given  above,  Bhows  tin-  ■ •: 
this  modification.     The  means  of  the  several  groups,  after 
this  rearrangement,  are  placed  at  the  head  <>f  their  res] 
columns.      With    15-day   mean-,   the   result-    would 
move  accordant. 


Modified  Groups. —  Excesses   vbove  the  Mew  Values  fob  i  \<  h  Group 


Mean 


i-7l'  June 

to 
1873  June 

+  0.344 


I 

—0.236 

II 

—  .257 

III 

—  .194 

IV 

—  .313 

Y 

—  .519 

VI 

—  .413 

YI1 

—  .325 

VIII 

—  .097 

IX 

+    .26C. 

X 

+    .345 

XI 

4-    .855 

XII 

+'    .521 

XIII 

+  0.397 

XIV 

XV 

1-0.173 

+0.459 

+  .12'.' 

—  .228 
+  .342 

—  .021 
+  .  1 1  ."1 
+  .101 

—  .022 

+    .3  14 

—  .31.-. 

—  .121 

—  .510 

— o. :;:;:; 


i-:t  Sept. 

to 

—0.208 

-     .11:,:; 

+     .no! 

+   .065 

—   .127 

+  .165 

+  .498 
+  .486 
+  .083 
-  .654 
—0.540 


1875  Nov. 

to 
1877  -tan. 

—0.190 

—  .130 

—  .151 

—  .3i:t 

—  .452 

—  ..'10 1 

—  .049 

—  ."2.-; 

+  .133 
+  .427 
+  .410 
+  .187 
+  .215 
+  11.:;  II 


1-;:  Feb. 

to 

1-7-  Mai. 

—0.018 

—0.181 

—  .100 

—  .363 

—  .352 

—  .17'.i 

—  .136 
+   .015 

+  .037 
+  .122 
+    .418 

+  U.220 


l-7s  April 
to 

1-7'.'  May 

-+-0.1:1;, 

+  0.263 

—  .172 

- 

—  .1-:; 

—  .3  21 
4-    .121' 

—  .Hid 
+  .loo 
+    .418 

—  .o7u 

—  .194 

—  .164 

—  .177 


1879  Jane 

to 

1880  -Inly 

-0.011:1 

—  .124 
+  .119 
+    .0 

—  .181 
+    .127 

—  .1  - 
+   .02S 
,222 

—  .1 

+   .<>.".7 

—  .094 
+    .0 


0.01 

.11) 

.21 

.10 

•  .06 

.12 

.20 
.15 

- 


The  figures  in  this  table  will  probably  he  considered  by  all 
a>  justifying  the  rough  inferences  which  I  have  drawn  :  and 
I  hope  that  the  data  givm  ill  this  article  may  serve  to  facili- 
tate a  more  elaborate  study  of  the  curious  phenomenon  under 
consideration. 

It  may  he  well  to  call  attention  once  more  to  the  signifi- 
cation of  the  algebraic  siun-  used  throughout  this  article. 
Kin  convenience,  and  to  diminish  the  danger  of  confusion, 
the  southern  declinations  and  latitude  have  been  treated  as 
positive  ;  so  that  tin-  value-,  heir  entitled  C-  » »..  correspond 
to  what  would  be  O. — ('.  in  tie-  general  formulas,  and  the 
term-  maximum  and  minimum  must  he  interchanged  when 
compared  with  the  corresponding  extremes  in  the  northern 
hemisphere.     Consequently  the  quantities  in  tin-  lasl  column 


of  the  table  jusl  given  represenl  the  numerical  increase  and 

decrease  of  the  southern  latitude,  ami  m:i\  -        red  as 

\alue-   of   —  L-,    if  (.-lie   counted    from   the   equator    north- 
ward. 

\     unfortunately  large  number  of  typographical 

exist    in   the   tallies  of   southern   cireuinpolai  >.   given    in   the 
Introduction  to  vol.  V  of  the  Cordoba  Results.     Tbis  Intro- 
duction was  printed  during  the  weeks  immediately  pi' 
my   return    from   Cordoba,   at    a    time   when   my   health   was 
seriously  impaired.  —  a  circumstance  which   may  peii 
accepted  as  a  valid  apologj  . 

Main  of  these  errors  are  indicated  in  the  Corrigenda  at 
the   end    of    the    same   volume,  p.  556  ;    and   one,    not    typo- 
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graphical,  is  corrected  in  vol.  X,  p.  26S.     The  following  ad-     computations.     After  they,  too,  shall  have  been  corrected 
ditional  ones  have  been  detected  during  the  course  of  these      the  tables  will,  1  trust,  prove  worthy  of  full  reliance. 


i-  wwi  doba  right-ascension  1877  for    O*  19" 

ncxvll  Epoch  for  Melbourne  position  1871,        ••  1881.0 

Epoch  for  Cordoba  positions  1*7:.'.  i^7i'.'.> 

mination  for  1875.5,  ■■       Melbourne 

w\i\  Epoch  for  Cordoba  position  1878,  ••  1872.0 

xliii  Mean  place  1870.0  for  Cordoba  1876,        "  30*.05 

Mean  place  1870.0  for  Cordoba  1880, 
and  change  the  values  C.    -O.  accordingly 
Ivii  Name  of  star,  for    J  tfensoi     put     .  Ifensai 

Ixx.wiii         I, nst  line  but  two,  gn  of  JB  should  be  -+■ 

e.xvi,  cxvii     Name  of  star  for    k  Oetantis    put    \  Oetantis. 

cxxxix  Melbourne  Declination      "      82   13   19.12    put    82   t'J   19.12 


rut 


16  ..".''. 
1871.0 
1872.  u 
<  ordoba 

is:::. ii 
29».78 


Other  unannounced  errors  in  the  Cordoba  volumes  are 


Vol.  V,  p.  127,  tol.  2, 

X.  p.  K>r.  col.  ;;,  line  l 
p.  157,  col.  :).  line  2 
Ml.  p.  212,  col.  i 
p.  220,  col.  :'■. 
XIII.  p.  396,  col   3 


for 


ii  Mnscae 

Si  i 

i  Oetantis 
I:  OctantU 


'/    eae,  culm.  Inf. 
ant  is 
Oct. 

iti'j,  culm.  inf. 
'  ii  i  mtis 
V,  Oetantis,  culm.  Inf. 


Till:    RELATIVE    MO 

15  V   A 

Accurate  observations  of  the  angle  of  position  ami  dis- 
tance  of  this  remarkable  star  begin  about  1825,  ami  have 
been  continued  to  the  present  time.  The  relative  motion  is 
so  nearly  rectilinear  that  doubt  has  frequently  been  ex- 
pressed as  i,,  tlir  physical  connection  of  these  stars,  ami 
it  has  been  assumed  that  they  will  gradually  separate  ami 
hereafter  follow  widely  different  paths  through  space. 

My  observations  of  this  star  with  the  Washington  26-iuch 
refractor  extend  from  1879  to  1891.  In  the  following  dis- 
cussion these  measurements  of  distance  have  been  reduced 
to  a  value  of  a  revolution  of  the  micrometer-screw  =  '■> 
which  is  0".01 2  smaller  than  the  one  adopted  in  the  reduc- 
tions, and  a  value  which  better  suits  my  measurements.  In 
order  to  test  the  question  of  relative  motion,  I  have  com- 
bined these  observations  with  those  given  in  volume  IX  of 
the  Pulkowa  Observations,  p.  229.  The  observed  angles 
have  been  reduced  to  the  epoch  1860.0  by  means  of  the 
formula  lor  the  yearly  change, 

dp 

—  =  n  sin  «  sre  7i 
lit 

Denoting  by//  ami  s  the  angle  of  position  and  the  distance, 
the  following  table  gives  the  quantities  used  in  my  compu- 
tation. The  first  columns  give  the  date,  the  observer,  the 
angles  of  position  reduced  to  the  above  epoch,  and  the  dis- 
tances. The  nest  columns  give  the'.rectangular  coordinates. 
x  =  s  sin;>,  y  =  .-,•  cos  p. 

The  motion  was  then  assumed  to  be  rectilinear,  and  after 
adjustment  of  the  coefficients  the  equations  for  this  motion 
were  found  to  be 


TIOX    OF   lil  <Y<;  \ I. 

I  ALL. 

ssinp  —   +-16".990  +(0".0344)  •  [t— 1860.0]       (a) 
.vcos/,  =  —  5".597— (0".1857)  ■  [/— 1860.0] 

The  columns  Jx  and  dy  give  the  residuals  found  by 
comparing  formulas  (a)  with  the  observations.  It  will  be 
seen  that  the  residuals  in  fa  are  opposed  to  the  theory  of  a 
rectilineal'  motion  of  these  stars.  Terms  depending  on  the 
square  of  the  time  were  then  introduced,  and  after  an  adjust- 
ment of  the  coefficients  by  least  squares  the  following  form- 
ulas were  found  : 

ssinjp=  +17". 203  +(0".384)  •  [I— 1860.0]  h.) 

—  (0".000f>70)  •  [/— 1860.0]2 

scosp  -  5".667  -    (0".1859)  •  [t— 1860.0] 

+  (0".000  176)  •  [_t— 1860.0]* 

These  formulas  give  the  residuals  /.;•'.  Jy'.  The  probable 
errors  of  a  single  value  are 


for     /.'.     r  =   ±0".0.i9 


for     /</'.      /•  =    ±0".0.jii 


It  will  be  seen  that  the  result  is  fb  favor  of  the  physical 
connection  of  these  stars.  However,  empirical  formulas  de- 
duced in  this  way  cannot  be  applied  beyond  the  time  em- 
braced in  the  discussion,  with  much  safety,  and  they  give  but 
little  idea  of  the  period  of  revolution,  except  that  it  is  long. 

If  this  system  is  binary  a  certain  point  on  the  Hue  joining 
the  stars  should  divide  the  distance  in  a  constant  ratio.  I 
have  made  a  rough  attempt  to  determine  this  point,  and  find 
its  distance  from  the  star  of  reference  to  be  less  than  one- 
third  the  distance  between  the  stars;  or  the  mass  of  the 
brighter  star  is  3.4  times  that  of  the  companion. 
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Date             Observer 

Observed 

-O 

P 

e 

y 

Jx 

/ 

1830.68      W.  Stri  vi 

90.41 

15.473 

+  15.473 

—  II.  1 1 1 

+  0.508 

-0.041 

+  0.114 

1832.09 

91.34 

15.737 

15.733 

—0.046 

1835.65 

93.71 

L5.967 

15.934 

1.033 

- 

—0.042 

1837.06 

94.74 

16.009 

15.954 

1.323 

+  0.247 

—0.O14 

+  0.068 

+0.013 

1843.53     0.  Strove 

16.467 

—0.051 

1847.46 

100.84 

17.023 

16.719 

3.202 

—0.160 

—0.066 

1850.30 

102.35 

17. lso 

16.782 

3.675 

—0.126 

—0.121 

—0.172 

1851.81 

103.63 

17.340 

16.852 

1.086 

—0.144 

+  0.010 

—0.001 

1852.67 

104.  16 

17.460 

16.907 

1.360 

—0.100 

+  0.12  1 

—0.016 

- 

1854.-JA 

1  7..*i7."i 

16.959 

1.614 

—0.167 

+  0.004 

1857.'-'" 

106.54 

18.020 

17. --'71 

5.130 

—0.015 

1860.80 

ins. 77 

18.227 

17.258 

5.865 

—0.240 

+  0.119 

- 

- 

im;s.:i| 

112.54 

18.810 

17.373 

7.210 

1  0.027 

+  0.116 

1S74.74 

116.17 

19.425 

L  7.434 

8.567 

+  O.OC1 

+0.233 

+  0.211 

+0.198 

1870.71       A.  II mi. 

117.7s 

17.655 

9.301 

+0.013 

+0.044 

- 

18X1.17 

ll.s.  17 

20.1  10 

17.728 

9.494 

—0.010 

—0.034 

1883.27 

1 18.89 

20.420 

17.870 

—0.080 

—0.052 

- 

1885.19 

120.12 

20.533 

17.761 

10.304 

1887.17 

120.63 

20.709 

17.820 

10.551 

+  o  105 

. 

1889.20 

121.34 

20.994 

17.031 

10.010 

+  0.063 

-0.1O0 

1891.16 

122.08 

21.129 

+  17.903 

—  1  1.222 

-  0.159 

—0.161 

—0.056 

—0.067 

As  a  test  of  equations  (b)  a  comparison  lias  been  made 
with  Bradley's  position  of  the  companion,  and  with  thi 
observations  of  Bessei.  and  W.  Strove,  which  were  made 
with  small  instruments.     The  results  are  as  follow s :  |  C — O). 

Bradley,        1755.00 
Bessel,  1812.30 

Struve,  1821.62 


["hesi   n  siduals  migbl  !><■  reduced  by  small  changes  in  the 
coefficients,  but  the  early  observations  .■•  urate 

as  the  modern  ones,  and  as  Bradley's  differenci    of  decli- 
nation depends  on  a  single  observation,  n<>  chai 


Jx  —  —4.27: 
Jx  =   —2.35  : 
Jx  =  —0.05  : 

1,,  —  -h 
Jy  =    +o.:!7 
h,  =    +0.31 

1892 

March  3 

ON    TWO    NKW    VAKIABLES    IN    CEPHEUS, 


By  r  M  I.  s, 
1855.0. 
a  =  221'  28"    35  8  =  55°  52'.6 

M\  observations,  from  1890  Sept.  21  to  the  present  time, 
appear  to  indicate  that  the  star  DM.  55°  2769  is  a  variable 
of  long  period. 

The  star  was  used  as  a  comparison-star  for  another  suspect- 
ed variable,  and  was  itself  early  suspected  by  me  of  variability. 
A  series  of  198  observations  seems  to  have  established  the 
fact,  two  maxima  and  a  minimum  having  been  observed. 

The  extreme  range  of  variation  observed  is  a  full  magni- 
tude, from  .v.s  tn  6*.8 ;  but  Ihe  star  is  apparently  subject, 
especially  near  its  maxima,  to  sudden  and  considerable  fluct- 
uations in  light,  often  amounting  to  several  steps  from  one 
night  to  the  next  :  the  mean  range  i-  about  0.8,  from  5M.9 
to  6". 7  ;  the  period  appears  to  be  aboul  a  year. 

Tin'  comparison-stars  used,   with  the   light-scale  formed 
from  the  observations,  are  as  follows : 
1855.0 

a  in         hi  )         l.ii;lil 


VKNDK1.I.. 

The  star's  coloi  is  to  my  eye  sensibly  white. 

fhe  original  observations  are  too  numerous  to  give  here 
in  detail,  but  the  monthly  means,  indicating  maxima  on 
1891  Jan.  18  and  1892  Jan.  11,  and  a  minimum  aboul  1891 
July  7.  are  as  follows;  the  dates  given  are  the  mean  date 
for  each  month,  and  in  the  column  of  weights  -  _ 
number  of  observations  forming  each  mean. 

I  vv 


1890  Sept. 

25.7 

7.0 

7 

Oct 

15.7 

1  1 

Nov. 

15.0 

11.4 

19 

Dec. 

14.5 

18.6 

1  I 

1891  Jan. 

15.9 

16.0 

16 

Feb. 

12.7 

1  l.o 

1  1 

Mai. 

12.3 

13.4 

g 

\,„. 

11.0 

■  • 

May 

17.2 

l- 

June 

1  1.6 

.Julv 

16.2 

7.1 

!  1 

Aim. 

15.4 

- 

."i 

1 S  6 

14.7 

15 

Nov. 

16.7 

14.2 

1  1 

Dec. 

15.0 

1  1.5 

1  1 

Jan. 

14.0 

15.1 

1  1 

li    is  very   desirable  that   ilii-  star's  variation  should  !«■ 
confirmed  bv  ■  >t In-i  obsei  vers. 


/.  =  /.<  'l  j.lll  i 

21     6  37.7 

58  ll.s 

5.6 

5.6 

21.8 

o  =  DM.  56° 2821 

22  82  16.5 

56    2.7 

6.0 

16.0 

e—          55°2820 

22  13  18.  I 

55    7.0 

5.9 

6.33 

11.7 

a  =           55    -.'770 

22  80  11.6 

55  19.2 

6.8 

6.8 

- 

«   =    J  <v  =    - 

This  star,  which  is  (8594)  of  Cuandlek's  "Lis 
Probably  Variable,"  published  in  the  Snppl 
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oj  Variable  Stars,  1  have  had  under 
constant  observation  Bince  July  1889.  The  result  of  my 
observatione  confirms  the  star's  variability,  and  indicates  a 

range  of  al i  0*.7,  from  6  '  2  to  6". 9,  in  an  average 

period  of  about  348  days,  three  maxima  and   three  minima 
li:i\  ina  ed,  as  follow  -  : 


1855. 


1890  Jan.  1" 

6.2 

1891   Feb.  21 

6.2 

n.  25 

1889  Sept.  3 

6.7 

1890  July    5 

6.9 

1891  June  3 

6.9 

m  )     Light 


22  54  15 

84  35.8 

6.5 

6.42 

~i  .'■'• 

0  29     1 

.si   n.i; 

6.5 

<;.:,* 

5.5 

0  48  25 

83  19.4 

7.0 

6.95 

1.8 

23  55  23 

82  10.0 

7. IP 

7.06 

0.0 

I'he  comparison-stai  -  used  are 


a=  DM.  84   517 
b=  81°    13 

c  = 

/=  82   748 

In  both  the  above  tables  of  comparison-stars  the  magni- 
tudes iii  the  column  m  are  the  I'M.  magnitudes;  those  in 
tbe  column  m  )'  arc  the  estimates  formed  by  myself  from  the 
ales. 

Dorchester,  Mass.,  1892  March  3. 


TABLE    FOR    WEIGHTING    ZENITH-TELESCOPE   OBSERVATIONS, 
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The  followiug  little  table  may  perhaps  be  found  useful 
in  selecting  stars  for  latitude-determinations  by  Talcott's 
method.      W  lally  meet  with  tbe  statement  that,  in 

order  to  eliminate  from  the  final  latitude  the  effect  of  any 
error  in  the  adopted  value  of  the  micrometer-screw,  we  musl 
tbe  pairs  so  thai  the  mean  <>f  all  the  declinations  shall 
be  equal  to  the  latitude.  Bui  this  is  only  strictly  true,  if  all 
the  pairs  enter  into  the  result  with  equal  weight.  If  we  let  e 
lie  the  probable  error  of  one  observation,  <■,, .  e$  be  the  prob- 
able errors  of  the  two  declinations  of  any  pair,  n  be  the 
number  of  times  the  pair  has  been  observed,  and  put  : 

E*  =  e£   I 
then  the  weight  of  the  resulting  latitude  from  that  pair  is: 
1 

(0  p=  E7+^ 

V 

and  the  condition  to  be  fulfilled,  in  order  that  the  adopted 

screw  value  may  be  without  effect  upon  the  final  latitude  is: 

(2)  2(pM)  =  0 

when    .1/   is  the  difference  of  zenith-distances  as  measured  by 
tin-  micrometer.,  and  always  taken  in  the  sense,  northern  star 


mi,, us  southern  star.  In  the  table  1  have  set  down  the 
values  of  p  corresponding  to  various  values  of  e  and  /■.'  . 
The  column  headed  I  contains  the  weight  corresponding  to  a 
single  observation  of  the  pair,  tbe  succeeding  columns  give 
the  additional  weight  acquired,  when  further  observations 
are  added  to  the  first.  Thus  for  E*  =  0".06,  e  =  0".2, 
the  weight  from  a  pair  observed  once  would  be  4.6;  for 
second  observation  made,  the  additional  weight  is  2.6,  and 
the  total  weight   7.2. 

I  have  found  it  convenient  to  note  upon  the  observing 
list,  opposite  each  pair,  the  values  given  in  t  he  columns  I . 
II.  Ill,  etc.,  of  the  table.  It  is  thus  possible  to  tell  by  a 
glance  at  the  observing  list  exactly  how  much  a  given  obser- 
vation will  add  to  the  positive  or  negative  side  of  2(pM)  : 
and  whenever  it  is  necessary  to  decide  between  two  conflict- 
ing pairs,  that  one  can  be  selected  which  comes  nearest  to 
satisfying  the  condition  (2).  It  is  generally  possible  to 
keep  the  condition  approximately  satisfied  continuously 
throughout  a  whole  series  of  latitude-observations.  The 
table  will  also  lie  found  practically  useful  in  selecting  pairs 
so  as  to  secure  any  desired  final  weight,  with  a  minimum 
amount  of  time  spent  in  observing. 


/,'•-■ 

e  =  0".l 

/■' 

e  =  0".2 

c  =  0\3 

0.02 

e  =  0".4 

1 

II 

HI 

IV 

V 

I 

II 

Hi 

IV 

V 

ii.  02 

I 
2.C. 

11 

2    1 

III 
2.1 

IV 

V 

I 

I..", 

II 

1.4 

III 
1.8 

IN- 
KS 

V 

16.7 

8.3 

5.0 

:',.:; 

2.4 

0*02    5.6     1.1 

3.6 

3.0 

2.6 

1.9    l.s 

1.2 

.til     12.5 

1.2 

2.1 

1.3 

0.8 

.0  1    5.0 

;;.:; 

2.4 

1.8 

1.4 

.04 

2.5 

2.0 

1.7 

1.1      1.2 

.01 

1.5 

1.:; 

1.1 

1.1 

1.0 

.06    10. 0 

2.5 

1.1 

0.6 

o.l 

.06    i.e. 

2.1; 

1.7 

1.2 

O.'.l 

.06 

2.4 

1.8 

1.4 

1.1 

O.'.l 

.or. 

1.4 

1.2 

1.0 

0.9 

O.s 

08      8  3 

1.7 

0.7 

o.l 

0.:; 

.08    1.2 

•_'.! 

1.2 

0.8 

0.6 

.08 

2.:'. 

1.6 

1.2 

O.'.l 

0.7 

.08 

1.4 

1.1 

0.9 

0.8 

0. fi- 

.10 

7.1 

1.2 

0.;. 

0.3 

0.2 

.10    3.8    1.7 

1.0 

0.6 

0.4 

.10    2.2    1.1 

1.0 

0.7 

O.o 

.10 

1.:! 

1.0 

0.8 

0.7 

ll. o 
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Columbia  College,  New  York,  1892  February  22. 
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THE   POSITION    OF   THE    NEW    STAB    IN    AURIGA. 

Observations  cm  T.  REED,  Princeton,  N.J. 
[Communicated  by  Prof.  Young.] 

Mr.  Reed  has  determined  the  position  of  the  new  star  as  i  1692.0 

follows,  by  six  meridian-circle  observations  of  the  objecl  in 
connection  with  (J  Tauri,  the  place  of  which  was  taken  from 
ill.1  Berlin  Jahrbxtek.  The  observations  are  reduced  to 
1892.0,  all  corrections  having  been  duly  applied. 

On  February  6  the  star  wns  estimated  a  quarter  of  a  magni- 
tude brighter  than  xAurigae,  on  the  1 3th,  as  quarter  of  a 
magnitude  fainter. 


892  Feb.    9 

k  5 

■2.-,  3.23 

18.7 

10 

3.30 

50.5 

11 

3.27 

12 

3.36 

18.7 

15 

3.23 

16 

■'i 

3.34 

Mean 

25  3.30 

1   19.2 

OBSERVATIONS   OF  THE    SPECTRUM    OF    SOVA    AUBIGAE, 


By  C.   A.   YOUNG, 
1  have  succeeded  in  determining  the  positions  of  12  bright 
lines  in  the  spectrum  of  the  new  star.    The  wave-lengths  de- 
duced are  the  following : 

■i:;i<>(  //; ■)  ;449;  4861|  /•')  ;  4922  :  5015  :  5165  ;  5260  ;  5304  : 
559;  590(2)?);  632;  6563  ((7).  In  addition  to  th 
faint  line  was  glimpsed  below  C  on  Feb.  6,  and  another 
above  G,  —  in  all  probability  h(H8).  The  lines  are  uol 
persiennes,  hut  true  lines,  though  rather  diffuse,  as  if  formed  [ 
under  pressure;  C  and  2T  especially.  The  lines  at  1922 
and  5015  cannot  lie  identical  with  the  two  principal  lines  of 
the  ordinary  nebular  spectrum,  as  the  nebula  of  Orion  was 


Princeton,  N.  J. 

used  along  with  the  spectrum  of  the  moon,  to  det<  rmine  the 

constants  of  the  micrometer-scale.     The  error  of  tin 

places  cannot  well  exceed  one  or  two  in  the  last  place; 
the  three-figure  places  are  of  course  more  uncertain.  It 
may  be  worth  noting  that  the  two  lines  at  559  and  «'..",:.'  may 
possibly  be  round  to  coincide  with  the  two  principal  auroral 
lines  at  5571,  and  632.  My  own  determination  of  the  po- 
sition of  the  red  line  on  the  evening  "f  Feb.  13,  made  it 
r..;:;1,.  by  a  single-prism  spectroscope  and  scale,  the  con- 
stants being  determined  from  the  moon. 


SOME    OBSERVATION'S   OF    THE    XKW    STAB    IN     AURIGA, 


\\\    PAUL   S.    VKNDKI.I.. 

From  February  '■>  to  this  time,  I  have  obtained  twelve  ob- 
servations of  this  star. 

With  the  exception  of  the  first  observation,  the  star  has 
been  observed  with  the  field-glass,  the  comparison-stars  with 
a  provisional  estimate  of    their  magnitudes,  being  as   fol- 


29"  11.'.' 

|  30  23.9 

Mag. 
5.8 

Mglil 

17.s 

17  51.4 

30      1.2 

6.0 

1  1.3 

20  --'7.'.' 

•  29     8.9 

6.  1 

10.0 

L835.0 

o  =  /•'.  26  .  lurigae 
b  =  DM.  30  898 
c  =  29°909 

The  dale,  ni  observation  and  estimated  magnitudes  by  th 
abo> e  scale  are 
1892  Feb.    9.323 

15.823     6.2 


Mai 


16.333  6.2 

■•  later  6.0 

17.302  6.2 

18.309  5.9 

22.306  6.1 

4.302  6.2.; 

5.812  6.25 

6.319  6.4 

7.313  6.6 

;  6.8 


Bl  ighl   moon. 


- 


The  star,  when  firsl  observed,  showed  little  01 
my   eye  ;    later   examination    with    the    t.  ' 

sllO«  -  a   slight   yellow   tin: 

/<     :hester,  Mass.,  1892   Warrh  9. 


Mr.  Sawyer  has  sent,  by  letter,  the  following  observa-  The  c parisi  n 

lions  in  addition  to  those  given  iu  no.  257.     He  states  thai      DM.  80   i 

they  are  relatively  uncertain,  especially  that  of  March  5,  on  „ 

ac< it  of  the  proximity  of  the  moon  ;  and  that  the  star  has  March   1.27        6.1  March  6 

aslighl   tinge  of  yellow.  5.42        5.96  7..il 


Ml 
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DISCOVERS    OF   A    COMET, 

By  l.KWIS  SWIFT. 


On  the  morning  of  March  7.  at  51'  10™,  while  Beeking  foi 
cometa  uitli  m\  IJ-incL  telescope,  I  ran  upon  whal  at  Bret 
sight,  from  its  general  appearance,  I  was  sure  was  a  comet. 

After  some  unusual  delay,  the  16-inch  glass  was  tur Ion 

i'ii.  bul  advancing  daylight  prevented  the  getting  of 
its  place  with  desired    accuracy.     Fortunately,  I  had  at  S 
o'clock  sel  my  automatic  lv.A.  circle  to  the  li.A.  of  the  nu- 
ll'" ...  ,/,  Rocliesler,  X.  )'..  1892  March  9. 


ridian,  and  the  following  is  the  position  read  from  it  i  18 
59m,  the  Decl.  circle  recording  — 31 '  2<>'.  It  is  possible 
thai  it  is  Brooks's  cornel  of  1886,  though  it--  greal  southern 
declination  and  its  brightness  both  arum-  againsl  the  sup- 
position. For  n  telescopic  comet,  ii  exceeds  in  Bize  and 
brilliancy  any  I  have  ever  Been. 

Clouds  have  prevented  any  observation  Bince  discovery. 


COMET  b 

An  observation  by  Barnard  has  been  telegraphed  from 
the  Lick  Observatory;  and  Prof.  Frisbi  of  the  Washington 
atory  Bends  one  which  he  lias  made  there. 

i  .i vniu .  M.T.  a  ti 

Barnard      1892  Mar.  8.0S99       19     3"  2o!:s      —30°  3253 
Frisbi  11,9487       19  22  14.8      —  27  18    18 

From  these  observations,  and  a  third  by  himself  Mar.  12, 
Rev.  G.  M.  si  ski. 1  of  the  Catholic  University  al  Washing- 
ton has  computed  the  following  elements  and  ephemeris: 


I  Sill'    {SWIFT). 

T  =  1892  April  26.99  (.1 
at  =     81°  33'") 

Q  —  237    34   VEq.  1892 
i    =     64    29  ) 

q  —  0.5891 

Ephemeris  fob  Greenwich  Mean  Ti 

Date-  a  A 


reenw.  M. 
.0 


1892  Mar.  16.5 
20.5 
24.5 
28.5 


19  45  44 

20  7  Is 
20  31  16 
20  56  20 


—  22  36 

-17    II 

—  11   58 

—  5  30 


HE. 

Brightness 
1.82 


4.08 


The  brightness  on  March  6  was  taken  as  unity. 


NEW   ASTRONOMICAL  WOHK. 


Astronomical  Papers,  prepared  for  the  usi  ofthi  American  Eph 

Vautical  Almanac,  under  the  direction  0/ Simon  Newcomb, 
sor  U.S.N. ,  Superintendent.      Vols.  II,  III.      Washington, 
1891. 

The  issue  of  this  Important  series  of  papers,  in  volumes,  look 

place  during  the  past  autumn,  and  should  have  been  anno :ed  here 

seme  months  ago;  but  accident  |irevented. 

IS »tice  is  called  for,  other  than  an  enumeration  of  the  im- 
portant papers  which  1  he  volumes  contain,  and  whose  titles  tell 
their  own  story. 

Vol.  11. 

1.  Formulas  and  Tables  for  expressing  corrections  to  the  geo- 
centric place  of  a  Planet  in  terms  of  symbolic  corrections  to  the 

ts  of  the  Orbits  of  the  Earth  and  Planet,  by  Simon-  New- 
1  omb,  assisted  by  John  Meier. 

2.  Investigations  of  Corrections   to   the  Greenwich    Planetary 

mi  1762  to  1830,  byTROMAN  Henri  sv a. 

tfeasnresof  the  Velocity  of  Light  made  ander  the  direction 
of  the  Secretary  of  the  Navy  during  the  years  1880-1882,  by  Simon 
Newcomb. 

I  Supplementary  .Measures  of  the  Velocities  of  white  and  col- 
ored Light  in  air,  water,  and  carbon  disulphide,  made  with  the  aid 
1,1  the  Bacbe  fund  of  the  National  Academy  of  Sciences,  by  Ai  bert 

A.   MlCHELSON. 


5.  Discussion  of  Observations  of  the  Transits  of  Venus  In  1761 

and  1769,  bj    Simon   Newcomb. 

6.  Discussion  of  the  North  Polar  Distances  observed  with  the 
Greenwich  and  Washington  Transit  Circles,  with  a  determination 
of  the  constant  of  Nutation,  by  Simon  Newcomb. 

Vol.  III. 

1.  Development  of  the  Pertubative  Function  and  its  Deriva- 
tives, in  sines  and  cosines  of  multiples  of  the  eccentric  anomalies, 
and  in  powers  of  the  eccentricities  and  inclinations,  by  Simon 
Xi  \\  i  OMB 

•2.     Determination  of  the  Inequalities  of  the  Moon's  Motion,  which 
are  produced    by  the   Figure   of  the   Earth:   a  Supplement  to    Hi 
LAUNAY'S  Lunar  Theory,  by  GEORGE  W.   IIii.i.. 

3.  On  the  .Motion  of  Hyperion  :  a  new  case  In  Celestial  Mechan- 
ics, by  Simon   NewCOMB. 

4.  On  certain  Lunar  Inequalities,  due  to  the  Action  of  Jupiter, 
and  discovered  by  Mr.  E.  NEISON,  by  Gl  ORGE   W.    IIii.i,. 

5.  Periodic  Perturbations  of  the  Longitudes  and  Radii  Vectores 
of  the  four  Inner  Planets,  of  the  lirst  order  as  to  the  masses,  com- 
puted under  direction  of  Simon   NEWCOMB. 

These  several  memoirs  had   previously  been    issued  separately. 
Vol.  IV  published  in  1800  consists  of  Una's  New   Theory  of 
and  Saturn.     [See  A.J.  X,  72.] 


C  0  N  T  E  NTS. 
Periodic  Variation  of  hie  Latitude  at  Cordoba,  by  Dr.  B.  A.  Gould. 
The  Relative  Motion  of  61  Cygni,  isy  Prop.  a.  Hall. 
On   Two  New  Variables  in  Cepheus,  hy  Mr.  Paul  s.  Yendell. 
Tabu:  for  Weighting  Zenith-Telescope  Observations,  by  Mr.  Harold  Jacory. 
The  Position  of  the  New  Star  in  Auriga,  by  Mr.  T.  Reed. 
Observations  of  the  Spectrum  of  Nova  Aurigae,  by  Prof.  C.  A.  Young. 
Some  Observations  oe  toe  New  Star  in  Auriga,  iiy  Mr.  Paul  S.  Yendei  i 
Discovery  of  a  Comet,  by  Prof.  Lewis  Swift. 
Comet  ft  1892. 
New  Astronomical  Work. 
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ASTRONOMICAL    JOURNAL. 


Nos.  259-60. 


VOL.  XI. 


BOSTON,     1892    MARCH     31. 


NOS.    1!>    AM>   _'<>. 


THE   ORBIT   OF   HYPERIOX. 

Presented  as  a  Thesis  for  the  Degree  of  Doctor  of  Philosophy  at  tiii    .I"ii\-  Hopkins  University, 
Bv  W.  S.  EICHELBERGER,  Assistant  in  Astronomy  in  Wkslbyan  University. 


§1.     Introduction. 

On  the  19th  of  September,  18-18.  an  eighth  satellite  of 
Saturn  was  discovered  by  Mr.  W.  C.  Bond  of  Cambridge, 
Mass..  and  on  the  same  evening,  by  Mr.  Lassell  of  Liver- 
pool. 

Owing  to  its  extreme  faintness.  during  the  first  quarter  of 
a  century  after  its  discovery,  but  few  observations  of  it  were 
made.  About  fifteen  years  ago,  however,  Professor  Asaph 
Hall,  by  the  aid  of  the  26-inch  equatorial  at  the  fJ.S. Naval 
Observatory,  began  a  series  of  observations  which  extends 
to  the  present  time. 

Attention  was  first  called  to  the  peculiarity  of  its  motion 
by  Professoi  11  vll's  papers  in  the  Astronomische  Nachr 
and  one  in  the  Monthly  Notices,  R.A.S..  for  May,  1884.  In 
this  latter  paper  lie  points  out  the  fact  that  the  peri-saturnium 
ol  Hyperion  bas  a  yearly  retrograde  motion  of  20° ±,  and 
add>,  that  " on  account  of  its  mean  distance  and  the  i 
tricity  of  its  orbit,  Hyperion  can  approach  very  near  to 
Titan  :  and.  since  three  times  the  period  of  one  is  nearly 
equal  to  four  limes  the  period  of  the  other,  there  is  probably 
a  large  perturbation  of  the  motion  of  Hyperion  by  Titan." 

Professor  NewCOMB  shows'  that  this  remarkable  retro- 
grade motion  of  the  peri-saturnium  is  due  to  the  mutual 
attraction  of  these  two  satellites,  and  obtains  the  perturba- 
tions of  the  elements  as  functions  of  the  mean  angular  sepa- 
ration of  their  peri-saturnia.  The  value  that  be  deduc 
the  mass  of  Titan,  after  correcting  an  error  pointed  out  by 
1 1 1  i.i..-'  is     ,n  =  ,  J,  . . 

Mr.  F.  Tisserand  has  written  an  article3  in  which  be  con- 

1  On  the  Motion  of  Hyperion.     A  New  Case  It  chanics. 

Astronomical  Papers  of  the  AmerU  ■    1884. 

■i  Journal,  No.  it*:. 
fissBRAND      S  .       irquable  du  Problim 

Semestre,  p.  i  )■;. 


siders  the  perturbative  effect  of  two  bodies  revolving  in  cir- 
cular orbits  about  their  primary,  and  shows,  that  if  the  mean 
motions  are  in  a  ratio  that  approaches  very  near  to  coin- 
mensurability,  and  the  iii:i«  of  one  is  very  small  compared 
with  the  other,  the  orbit  of  the  smaller  will  become  quite 
eccentric,  and  its  peri-centron  will  retrograde.  S 
from  its  greater  brilliancy,  is  considered  much  larger  than 
satellites  afford  him  an  actual  example; 
ami.  assuming  the  eccentricity  of  the  latter's  orbit  to  hi-  0.1, 
and  that  it  is  entirely  due  to  the  perturbative  effect  of  Titan. 
he  deduces  a  value  of  the  mass  of  Titan,     m  = 

The  subject   has  been   still  further  treated  by  Stone,1  and 
Him.'-  by  different   methods,  both   deriving   nearly  tie 
tor  Titan. 

In  the  fall  of  1889,  by  the  advice  of  Professor  Nt  w<  omb, 
Ne.i  to  devote  myself  to  this  problem.     1  take  this 
opportunity  to  express  my  obligations  to  Professor   N    w- 
comb  for  uis  many  suggestions  and  encouragements. 

A-  a  preliminary  step  to  the  determination  of  the  pertur- 
bative effect   of  Titan,  it  was   decided   to  obtain   more  accu- 
rately the  elements  of   /  nd  this  problem 
grown  that  the  present  paper  will  be  confined  to  i's  coi  - 
ation. 

§2.       (  »BS1  Bl  LTIONS    "I      H 

To  deduce  the  elements  of  Hypt  recourse  was  had  to 

the  Washington  Observations.     About  '.■■  taken 

from   each   of   nine   Oppositions,  dining   t 
usually  covering  a  period  of  two  months. 

'Annalt       U  iKw,  Vol.  Ill,  p.  161,  and  Vol  IV 

w  = 

•■   ■    17'',.      a,    - 


146 


I  II  1      A  STRONO  M  I  (    A  I.     .Mil    i;  N  A  I.  . 


Greenw.  .M.T. 


Amu-  26.6672 
29.6026 
31.5754 
6.5868 
9.6188 
11.5958 

L9.£ 3 

20.5578 
29.5059 
2.5196 
3.4799 
I  7.171-.' 
19.4863 
20.4529 
21.4917 
22.4728 
24.4254 
28.4313 
29.4305 


Sept. 


Oct. 


Oct. 


N,,\ 


Dec. 


Oct. 


isn 

2.5856 

L 2. 5438 

18.5271 

L4.4962 

1  t.5334 

15.5042 

6.4758 

27.4330 

29.4266 

80.4241 

6.4332 

7.4331 

8.3993 

9.4138 

l  1.4613 

15.4408 

10.5970 
12.6390 
13.5885 

16.6508 
19.5460 


269.81 

288.30 

299.81 

87.59 

99.1  I 

I  10.21 

281.99 

287.91 

94.10 

108.41 

118.11 

75.59 

,88.20 

92.10 

96.21 

100.01 

112.10 

261.00 

268.50 

273.40 
89.02 
91.31 
92.99 
92.98 
94.27 
95.35 
94.83 
97.95 
102.75 
273.92 

•J7;..  us 

276.12 

277.65 

84.06 

88.89 

90.70 

83.02 

73.80 

285.48 

274.69 


193.94 

197.94 

121.18 

216.00 

227.62 

152.90 

204.03 

175 

235.46 

L66.94 

1  17.79 
142.67 
209.86 
223.96 
226.71 
210.94 
134.9 
134.55 
17  1.7:; 

2  25.!  is 
151.84 
191.92 
215.49 
2I5.5S 
219.58 
2(11.22 
2(12.2'.! 
139.28 

83.34 
220.89 
222.91 
209.48 
180.86 

82.26 
130.59 

220.39 
1  18.86 
93.78 
123.88 
247.95 


Greenw .  M.T. 


Oct. 


Nov. 


NoN 


Dec. 


Oct. 


L0.621  l 
1  1.6249 
12.6034 

1  1.5s:;  | 

15.5678 

16.5793 

23.6158 

24.5637 

25.5799 

31.5522 

L.5651 

2.5439 

7.5:ls:; 

9.5640 

11.5609 

12.5512 

16.5414 

17.4985 

2(i.52ii!t 

21 .5055 

1888 

1.5633 

2.6172 
3.5798 
5.6169 
6.5625 
9.5607 
10.5577 


2  72.52 

265.65 

260.88 

91.22 

77.su 

273.05 

271.41 

269.25 

267.29 

263.29 

92,28 

277.76 

275.49 

352.63 
307.93 
291.53 


271.91 

255.77 

226.98 

140.49 

13.20  111.21 

289.25  181.53 

277.93  213.85 


M  I 


Dec.  i  ." 


Jan. 


Doc. 


Jan. 


29 

1887 

IS. 

22 

2  1 
25. 

26. 


30. 
Feb.  11. 
12. 
13. 
16. 
22. 
21. 


Jan. 


5212 
.5298 

.4879 
.4804 
.4502 
.4  272 
,5484 
.4523 
.5334 
.6198 
.5974 
.5828 
.5794 
,5  7s  1 
,5685 
.5105 

.5323 
,5287 
,5437 
,5272 

.4  72:; 
5043 
,6180 
527:: 
,4991 
4584 

5683 
,5185 
5309 
5538 
5482 
5395 
5067 
5  25  1 
5070 
5179 
5511 
5034 
1956 


132.25 
19.07 

262.20 
282.00 
272.58 
264.28 

24  1.11 
221.35 

1  is. 5s 
355.60 
279.98 
269.79 
260.39 
123.98 

87.98 
327.06 

221.65 
95.62 
89.27 
83.28 
70.01 

59.55 

301.92 

255.15 

2  1  1.00 

97.40 

232.00 

128.52 

102.79 

94.50 

87.82 

81.45 

46.22 

150.25 

130.92 

114.52 

88.75, 

325.15 

278.65 


133.51 
1  L2.06 

219.61 

194.12 

218.63 

21  1.82 

156.87 

118.21 

155.99 

105.00 

200.8 

223.28 

225.1!) 

165.24 

280.62 

1  1  1.96 

139.  19 
261.69 
274.89 
275.12 
234.56 
193.06 
1  15.07 
209.34 
180.80 
246.99 

173.63 
1  16.99 
220. 86 
244.85 

25G.50 
249.26 
133.32 
1  15.54 

1  12.29 
17!).  61 
250.47 
98.76 
188.31 


Greenw,  M  T 


P 


Feb. 
Mar. 


Jan. 


Feb. 


Mar 


Feb. 

Mar. 


Apr. 


27.4766 

28.4567 

1.4636 

2.5082 

KI.5H77 
1  1.  1618 
12.15  11 
i--- 

18.5755 

19.5802 

21.5613 

30.5428 

1 .568  i 

2.5490 

8.5394 

18.5422 

15.5036 

16.6007, 

18.5003 

28.5319 

6.5035 

7.5045 

8.5058 

9.4967 

I  I.  1696 

15.4806 

17.51  11 

18.5092 

I80U 

21.6185 

26.5834 

2.5673 

8.5630 

9.5508 

11.4928 

15.5071 
23.5415 
11.54  28 
12.4854 

19.5203 
21.521(1 
22.5509 


254.72 

246.12  208.18 

285.22  176.40 

218.02  140.28 

83.25  240.12 

76.42  221.35 

67.25  188.06 


17(1.75 
135.60 
108.69 
285.1  1 

'_'  •  'i  r  .  7  •  I 

262.27 
182.82 
90.65 
77.69 
67.28 
16.62 

22(1.15 

86.75 

80.02 

71.80 

59.82 

272.32 

265.98 

254.05 

24  7.4  5 

256.57 

1(15.15 

81.30 

276.58 

271.20 

265.46 

253. 061 

82.20 

93.15 

88.15 

281.75 

269.95 

267.00 


98.00 
115.(13 
193.66 
162.01 
246.84 
260.33 

1(1(1.2(1 

234.91 
219.68 
175.97 
so.;,  5 
135.28 
233.80 
222.61 
191.65 
1 15.11 
215.33 
241.83 
239.04 
216.12 

220.35 
1(17.:;:; 
2(i7.2  7 
175.1  1 
223.55 
272.58 
188.04 
208.02 
172.63 
199.10 
13  7.55 
227.41 
252.84 


In  the  first  column,  the  time  has  been  corrected  for  aber- 
ration. 

In  the  second  and  third  columns,  the  correction  for  differ- 
ential refraction  has  been  applied,  and  in  addition  the  third 
column  has  been  corrected  for  the  change  in  s  during  the  in- 
terval between  the  observations  of  position-angle  and  of 
distance. 

j(3.     Comparison   of   Observations  with  Assumed  Ele- 
ments. 

The  following  formulas  were  used  in  computing  the  tabu- 
lar place--  : 

--  =  r  -  A  sin  fsin(F+v) 

P 

i,  =  r  -  A  siiw/  s'm(G  +  u) 
P 


=    c  —  A  sin  h  mii(  //+  «) 
I' 


x  =  8  sin^i  = 


y  =  s  cos/»  = 


i  +  : 


i  +  : 


/,  g,  It.  F,  G  and  //  being  given  by  the  following 
sin/  sin  F  =  — sin(« — N) 
sin/  cos  F  =  eos(« — .Yi  cos  J 

cos/ =  — cos(« — X)  sin,/ 
sin;/  sin  C^  =  — sin  5'  COS  (a — X) 
sine/  cos  6?  =:  I  cos(fi  +  L) 

cosg  =  q  cos(8 — Q) 
sin/;  sin//=  cos  5  cos  (a — N) 
sin  h  cos  //  =  I  sin(  d+L) 

cosh  =  q  sm(d — Q) 
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/sin//  =  cos,/ sin  (« — N) 
I  (■•■*  L  =  sin./ 
5  sin  Q  =  sin  ./"mii(i« — N) 
q  cos  Q  =  cos  J 
The  following  Dotation  lias  been  employed. 
E  =  Menu  longitude  of  Satellite. 
P  =  Longitude  of  Peri-saturnium  of  Satellite's  Orbit. 
M=  Mean  Anomaly. 
N  =  Longitude  of  Node  on  the  Equator. 
n    =z  ••  ••  "        Ecliptic. 

J  =  Inclination  of  Orbit  to  Equator, 
t    =  •■  ••  Ecliptic, 

e    =  Eccentricity  of  <>rl>it. 
p.    =  Menu  Motion  in  Longitude. 
A  =  Mean  Distance  of  Satellite  from  Planet,  as  seen  :it 

distance  p0  of  Planet. 
p„  =  Assumed  Mean  Distance  of  Planet  from  Sun, 
p    =  Geocentric  Distance  of  Planet. 
a   =  Right-Ascension  of  Planet. 
8    =  Declination  of  Planet. 
v    =  True  Anomaly  of  Satellite. 
-•    =  Eccentric  Anomaly  of  Satellite. 
n   =  Longitude  of  Satellite  in  Orbit,  starting  from  Node  on 

the  Equator. 
*    =  Observed  Distance  of  Satellite. 
p    =  Observed  Position-Angle. 
v)  =  Distance  along  Orbit  from  Node  on  Equator  to  Node 

on  Ecliptic. 
The  values  of  /,  ;;,  /.,  /•',  G.  If.  were  computed  for  every 
live   days   dining   the  periods  of   observation  ;    the  values  for 
each  observation  being  found  by  interpolation. 

The  value  of  E  for  each  opposition  is  the  mean  of  the 
values  obtained  from  two  or  three  observations  about  mid- 
way of  the  corresponding  series,  by  means  of  the  following 
formulas  : 


tan  n   = 


x  COS  /■ 


.•-■  sin// 


sinF 


■v  sin  i' 


sin  G 

sin/ 


sin/ 

V    =    )(  —  !'.'  +1)  P 

1/      :  v  —  equation  of  i 
E  —  M  +  P 
The  other  elements  were  obtained  mostly  from  Ni.v. 
paper  referred  to  ai 

The  rectangular  coordinates  were  computed  for  comparison 
with  those  obtained  from  the  observed  distance  and  position- 
angle. 
The  assumed  elements,  referred  to  the  mean  equinox  of 

the  date  are  as  follows  : 


1875 

]>::                 1879                1880 

1884 

Epoch 

Novo."          Nov.0.0         Nov.  0.0         Jan.  0.0 

E 

63    13.4 

):','.<  39.2      95  51.7     184     2 

5     298 

P 

174     1.6 

130   13.2       86  21.7       64 

:  ::).:. 

AP     - 

-19    12.9  - 

-21    12.5  —22  21.1   —22   10.3  —19   24.9 

N 

123  .v.'.:; 

123   .".7.1       121       1.8      121       1 

1      12  1    11.8 

J 

6  35.2 

6  .".."..o         6  .".1.7         6  34.6         6  34  •"> 

e 

0.10 

0.10            0.08             o.os 

0.10 

1".-, 

!ss7                       1888 

Epoch 

Jan.  ii. i 

Keti.  16.0           Feb.  15.0 

Mar.  14.0 

/■; 

0  30.0 

17  1     2.0         234   16.0 

13.0 

p 

338    14.2 

302  12.0         2  si;   16.0 

253  43.0 

A/' 

—18   15.8 

—  16   15.0       —15    15.o 

—  15   53.0 

N 

1  2 1    11.1 

121    19.0          124    19.0 

121    19.0 

J 

6  34.2 

.".   50.0              5  50.0 

5   5 

0 

0.10 

0.12                     n.12 
A  =  214".00 
,,.  =  16°.91988 
Po  =  9.53887 

0.12 

!'■  « 

and  A  were 

taken  from  the  British  Nauti 

:al  Aln 

(  lOHPARISOK    "I     <  >BS1  l.'\  ATION8. 


i  obs      e(comp     ii    C   Resid.  y(obs.     p(comp    0    C    B  -  imp     0— C   ResidJj  O — <     Res 


Aug  26 
29 
131 

Sep  6 
9 
11 
19 
20 
29 

Oct  2 
3 
17 
19 
20 
•21 
22 
24 
28 
29 
wr 
Oct  2 


—  19:1.94  —188.67—  5-27 

192.63      195.65  -I-  3.02 

—105.16— 110. 76 -j-  5.61 

+21.V  so  +211.49  +  4.31 

22I.7-.     224.88—  0.13 

+1  13  19  +14.-..2.-.  —  1.76 

199.58  -199.9.'.  +  0.37 

—167.20    -166.45  —  0.70 

+234.86  +233.46  +  1.41 

158.40       157.19  +  1.21 

103  90      102.08  +  1.82 

188.18      111.72—  3.64 

209.76     211.27  1.61 

221.71'.—  0.95 

222.22  +  8.16 

2H2.71  +  5.02 

+126.03  +116.88+  8.20 
—182.89      187  16 
—174.67—177.72+  8.05 

226.68    -210.47— 15. II 
+15]  34  4-122.57  +21..27 


223.81 
225.38 
207.73 


—0.31 

—0.52 
+0.08 
—0.63 

' 

— 0. 
— 0. 
+  1.25 
0.01 
t  !  04 
[-0.66 
+0.52 
+0  70 
+1.60 
—ii. 
—0.79 
—0.84 
+1.06 
+0.10 


0.64  — 
45.51  + 
60.24 

9.08  + 
36  "i 
52.82 

16  -i 


55.50 
35.60 

6   19 

8  21 

36.67 
50.77 

21.115 
4.57 


l.u I 
16.53 
60.59 

8.02 
37  H 

5I.2..+ 

i  1.16 
54.68 

55.59  + 
32.22  + 

10.57  + 


+  o.s; 


0.35 
1.06 

1   10 


+0.60 

1.38     0.36 
0.78     0.65 

1.62  +1.26 

3.28     0  10 

3.8 1 

::.'. :i 

8.00      l  80 
2  16      i   16 


v. 


29 


216.12 
206.30 
201.47 

lis  38 


Da 


+0.10+  18.40+  11.52  +  1.88      1  86 
—1.23+    2.H0+    2.731-     0.18     0  B6 


Oct  18+191-87  +169.26 

11  215.2(1      2U1.47 
14       215-28 
15 

208-38 

137.94 
::u  +  81.28 
6 

7      -21-91       22::. 4.; 
-      208.29      21:1.57 
9  -    I 
14  +  81.82  +   63  57 

15+l:l(i.57  +ll:l.i:5 
Is:;. 

820.38  +218.12 

12  147. 76       111.7s 

13  +  90.06  4-  88  16 

19     247.12     248.28 
20 

23  -  : 


+22. 
+13. 

+  12. 


+  0. 
—  in. 
—13, 

+  l' 
+  5. 
+  9. 
+18. 
+16. 


—0.10 

+1.32 

4-1  59 

+0.66 

1   11 


+  2.26 

+  6.60 

+0.05 
+  1.11 

- 
-  5.1s  +1.18 


11  24 

16.85 
19.04 
17.08 
19  26 


19.18  +  0 
21.27  +  2 


+    15.10+    16 

19.73        20.77—    1 

■ 

1 


—  2.7(i  —     1  67 

2"  2  7 

11.45+    13-lS! —    1 

—  14    O 


45  + 


72+cl.: 
091—0.19 

■ 
0::  +111 

! 
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comp     0    '     Rea  /(comp     0    I    Resld    Date  0    I     Reeld.  j/(obs     p(comp     0    C  Resid 


Oct  241— 132.81  —128.01  —  4 

:'.l  -f-220.68  +218.70+  1' 

tta  3  -)-ii)o.44  +  96.61  +  I 

10—252.50     255.71  +  1. 


252  88 
255.75 
199.64 
148.72 
21  +215.63 


Oct  in—     7 
11 


187 
228 
252 

—257 
+135 

is: 
22] 

+  13 


144.94  8 

+214.81  +  0. 

188.28  +  3 

— 225.55  +  2 


::; 
134 
22? 
251 


.67 


Nw  l  —  56 


118 
247 

i:;; 
38 
1-2  +  57 

16  228 

17  224 
•jo  95 
21  +  81 

i--.. 

Dec  1  +269 
248. 


24  t-129 
00  182 
78  219. 
03  +11. 

;,o—  :>:. 

14       119. 

n:'     246 

2::      I7i) 

(12  +  39 
2.")  227 
no  222 
si;  91. 
89  +  2 


—  1. 

—  1. 

—  0. 
2i ;  +  :.. 
15+  I. 
16+  2. 
13+  1. 
34  4-  0. 
80  +  1. 
'.H  —  1. 
37  —  2. 

so—  2. 
2 
4.-.'+  0. 
02+  1. 
53  +  4. 
60+  4. 


+1.11 

—0.05 

+0.7:; 
—0.08 



+0.08 

0.42 
— 0.G9 

0.84 

—0.211 

+0.14 

—0.05 

0.00 

n  66 

1.80 

—o.7i 

+0.34 

+0.24 

84  +0. 

66—0. 

08—0.56 

86  +0.40 

18   j-0.84 

+1.25 

—1.50 

—1.15 

+0.3 

+0.96 


3 
5 
6 
!» 
10 
17 
27 
1884 


64  +271.:,:i 
03  250.89 
II  215.86 
89  101.17 
39  +  .".5.71 
38—163.37 
80  —206.11 
83  +  82. so 
61  +   19.94 


Jan  2 
21 
22 
23 
26 


—217 

189 

213 

213 

137 

20—  78 

29  +136. 

—    8. 

197 

223. 

—22:5. 

+137. 

19  +280. 

26  —  62. 


58      221 


.10 


17!) 
208 
216 
154 
—100 
+116. 
061—  1G. 


Jan  2  —  92.70 

8  +260. 13 

9  27I.S7 
10  273.52 
12+220.42 


2i)l 
225 

222 

+135. 

+  27  7 
—  70 


—   1 


—  o 
+16 

—13 


7.".  +  4 
02—10 
78—  4 

:•:;  +  :: 
5-  +17. 

28  +22 
81  +2ll 
4!  +  8. 
71)  +  3. 
46  +  2. 
83  +  0. 

29  +  1 . 
18  +  •".. 
30+  7. 


—  03.00 
+257.96 

272.-1'.) 

268.91 

+211.01 


+  0. 

+  2. 

+  2. 

+  4. 

+  8, 


L".l 

95  f0.96 
.86—0.38 

:-.'  0.48 
2s  +o  :', 
35  +0.14 
ol  —  0.7: 
69  +0.10 
03  —0.4 
33+0.06 

15+0.40 
86—0.09 

63  1 1.;  i 
is— 0.51 ; 
23+1.1; 

18  +0.2; 
1  7  —0.  47 

35  +0.20 
00—0.42 
18— 0.0c 
80+0.58 
73—  0.48 

27  +u  2.; 
79  +H5;: 

36  +H.55 
47—0.44 
38  +0.80 

5>  (-0  i: 
81      0.84 


—  21 

I 


+    25 
+  21 

+  01. 

5:  i. 

51 

32, 
19. 

+     3, 

—  42, 
32. 

10. 
+  58, 

57, 

+  53, 

o, 

:::; 

48. 

17 

::. 
+  lo. 

47. 
+  53. 

+  35. 
02. 
83. 
106. 
108. 
59. 
+  29, 
89. 
+  105. 

—  29. 

+  40, 

+  0. 

—  21. 


+  1. 
+  o, 
—  2, 


—  22.  s  7 

,3 

+    23.-3 

15.12 

7.22—  1. 

1.02—  1. 

10.11  +  o. 

i-  02  f  0. 

8.67  +  ii. 

28.90 

24.04  —  2. 

02.82—  1. 

02. 1 1  —  2. 

57.15—  3. 

30.  is  —  3. 


30 
2'.i 

32 

70 

91  + 
06 
58 

51; 
58 

5!) 
21 
23 
56 


21.71 
5.11 
i:,.-:, 
34.65 
18.91 
5:1.:;  1 
59.98 

50.  1  1 
0.07 


—  2. 

•> 

+  3! 

+  2. 

+  2. 

-  1. 
2. 

+  0 


3,4.7s  +  1 

50.44  +  1 

50.94  +  3 

6  06   I  2 

10.0.3+  o 
19.36 

55.27  1 


35.55—  0. 
03.32—  o. 
S4.07  —  1. 
111.19—  4. 
1 1 2. 75  —  4 

67.22 7 

5(1+  3,7.37—   7. 

93.18  t-  3. 

91  +110.84—  4. 


74 

+104 

+  34. 

0. 

37. 
—  92 
+  9. 
+  96 


—104.23 
63 

5o 
53 
18 


+     3., 
32. 

+  80. 


-   20.81 


+   50 
+  21. 

—  10. 
70. 
80. 

—  80. 

+  100. 
+  32. 

39. 

92. 
+  15. 
+   90 


48  —10 
00—11 

72—ln 

13,  —  2. 

52  +    5 

98  —  2, 
01  +  2, 
58  +  2. 
73  +  2, 
11—  0. 
21  —  5. 
40+  o. 


105.82+  1. 
—  21.80—  3. 

+     8.57,—  5, 
37.41—  5 

+    -5    10 


l'l 

Jan  18 

7  5 

22 

S'l 

21 

7:: 
,0 

25 

26 

27 

78 

30 

36 

Feb  11 

20 

1 2 

13 
10 
22 
24 
27 
28 
Mar     1 
2 
10 
11 
12 
]•" 
£,11*18 

::;       an 
00,       i0 

09    Feb  1 


+  100 
-122. 
—202 

—  102 
+244 

—  130 

t  Ii:. 
215 
211 

256. 

240. 

9i;. 

40. 

107. 

103 

f-260 

—  56, 
186 
220 
19u 
144 

—  so, 
+238. 

2  1  5 
+  173. 


43  4-]50.'.i7  + 

13—130.27  + 

35       2H2.92  + 

168.62  + 

93+245.79  + 

82—130.31  — 
no  +1211  94 


9.40+0.22 
7.14—0.04 

0.57  +0.12. 

1.1  1  +0 


2,7  17- 
250.52  — 
215. 1;:;  + 

91.39  + 

47.11  — 
107.79  — 
103.  20  + 


0.51 

5.94 
3.47 
3.08 

11.21 


13+251.03!— 


53.40  — 
183.88  — 
222  48  + 
191.27  + 
150.12  + 

92.97  + 

41  +239.70  — 
08      219.62 
29  +179.26  — 


+o.7s 
—0.22 
—0.4: 

+  O.S 

— 0.1: 
0.86  +11.05 
1-7  hO  82 
0.01  +0.4;; 
0.27  +0.04 
0.15—0.41 
0.00+0.22 
3.03—0.44 
2  1.;     0.07 

1.74+0.61 
4.07—0.22 
5.331— 0.2. 
6.65—0.80 

1.29—0.32 
4.54  +0.0.S 
5.97  —0.42 


+    15 

80 

I  188 

150 

246 

2  257 
8—  4 
13+234 

15  214 

16  102 

I  -  +  2:; 
28  —  87 

10    Ma  0+233, 

7  219 
s  I  s  1 
9  +124. 
14-215 
15       211 

1 7  229. 
Is— l'.i9. 

1890 

30  Feb  21  —214. 
0;:  20+103. 
12  Mar  2  +204. 
15  8  173 
34  9       223. 

II  271. 
15  —179. 
23  +200 

38  April  171 
12+199. 
19  —154 

21  227 

22  —252 


+     3. 

09, 

+  180, 

—148, 

242, 

256, 

—  9, 
+234, 

214. 

104. 

+  25. 

—  84. 
+232. 

215. 

170. 
+  110. 
—216. 

241). 

22  7. 

195. 

207. 
+  110. 
+  202. 

175. 

223. 

270. 
—170. 
+2i  i4. 

181. 
+203. 
—140. 

229. 
—251. 


35+12 
06+11 

61    f   : 

22  —  s 


—  1 
+  4 
+  0 

—  o 

—  i 


+  1 

+  3 

+  •• 

+  S 

0S+  l 
52  —  0 
32  —  2 
51  —  3 

95—  G.37 
99  —  7.39 
38  +  2.51 
00  +    1.07 

11  —  0.39 
53—  1.2o 
71  —  9.17 
40  +  1.69 
59—10.01 
98  —  4.98 


Mo— o. 
.42  — 0. 

55— 1. 

19        2. 

43    -0. 

47  +o. 
05  +u 
02  — 0. 
.34  fO. 

.911+1. 
.'.Hi  +o. 

53+0. 

40—0. 
25  — 0, 
.55+0. 
10—1. 
.;-  i. 
79  +1. 
45+o 
96+0. 


+-  5.4S 
+  1.91 
—  0.87 


70 

(15 

73 

9  1 

94 

l  l 

19 
so 
12 
25 
00 

01 
38 

54 

+0.37 

—  1.05 
—1.18 
—0.98 
+0.17 

—  1.15 
+0.05 

0.00 
+  1.57 
+1.13 

+0.93 

+o  65 

+11.00 


+  97.84 
+  76.70 

—  55.05 
79.20 

—  31.81 


+102.24  -  • 

+    7 1  55    r 

—  50  2n  + 

-  29.02  — 


91. 


—  100.90—107 
I         90 
89        1:. 

21  --    17 

00         5:i 


I- 
19 

I-      9 

;7 

+   92 

—105 

—  74 

+  5 
81 

+  28 
00. 
84. 
Kill. 

—  110. 
+  28 

1. 
-I-    72. 

—  90. 
82. 

—  45. 
+   42. 

-     9. 

35. 

loo. 

2 

+  40. 

07. 

in;:. 
+  12, 

38. 

5'.i. 

74. 
+      s. 

10 

05, 


+   91 

— IOG 

95 


2  1 

21' 
54 
40 
(15 
51 

31 

21 

11 
22 

'15 
G7 

75—   91 

83 
83}—  17 


—  74. 
+      5 

80 
+  32 

si. 
98. 

—  IDs 
+  25. 


21  + 

7:; 

72  — 
20  — 
.07  — 
5s  — 
01  + 
04  + 

:s  + 

07  + 
70  — 
3]  + 
00  — 


1.40     0.08 

2.15—0.89 
2.55+o.3:i 

2.19—1.50 

0.31  +11. 4s 

■ 


20  + 

+ 
+  70.0.5  + 


19. 


+   47 

—     4 

29 

97 

o 

+   47 

68 

+  78 

-100 

+  17 
4  2 
02, 


—  82 


s4 
90 

.05 
26 
25 
56 
80 
11:1 

72  +  lo. 
96—  10. 
07  0::. 
-2—  -o. 


51. IS—  49. 
28.05  —  27. 
31.35+  31. 
20.07        19. 

4.68  +  6. 
21.58—  19. 
54.79—  53. 
28.23  +  29. 

9.49—     0. 

6.43  +  9. 
2s.nl         20. 

0.20+     11. 

15.25—    15. 


01  — 

57  + 
25  + 
13  — 

- 


08  — 

89  — 
70  — 
20  — 
19  — 
40  — 
1-  - 
23  — 
37  — 

± 

48  — 


44  — 
01  — 

50  + 
27- 
63  + 


—0.45 
—0.50 

+0.30 
O.03— 1.5 

0.89—0.79 

0.18I+0.18 
0.24  +0.73 
0.74  —2.18 
1.82  +1.09 
2.06  0.92 
2.87  +0.I.5 
1.92+0.24 
1.5(1 +0.  OS 
2.90  +0.24 
2.19+0.G4 
2.02+0.05 

2.72+1.88 
1.38  —1.19 
1.42+0.25 
4.90+0.41 
5.69—0.62 
5.33—0.90 
2.10+0.52 
o.l  4— 0.52 
0.71  +0.59 
0.12—0.01 
1.84  +1.58 

2.50  +0.1)4 

1  01  +n  56 
3.63+0.72 

2  66  +0.62 

1  09  +0.O2 

1.51  +1.55 
n.59  +0.08 
2.08  +1.00 

2  28  +0.94 

1.97  +1.03 
.'.57  I."" 
0  50  +",21 
0.82—1.46 
1.03+0.74 
1.80+0.62 
1.H2  +0.54 
1.21  +0.15 
5.1-  +0.58 
.■•...••,o+o.74 
1.51  —0.80 
0.47+1.10 
.1,4"  +0.12 


i)4.     Equations  of  Condition. 
in  the  equations  of  condition,  we  have  employed  seven 
variables,  the  correction  to  the  mean  longitude  being  sepa- 
rated into  two  parts,  thus  : 

dE  =  dE0  +  td;i 
The  form  of  the  equations  arising  from  the  residuals  in  x, 


where       a  =  -— Scos(F+»)  +  e  cos{F'+P)  j 

COSC'  (  ) 

b  = = cos(.F+«  ),  cos;  00SC  +  — j )  +  co 

cosy(  V  1+cost-y 

c=       - — Jcos(F+(0  sin; — »'\n(F'  +  P)  eoscj 

COSC  (  ) 


a {dE0+tdH)  +  b  •  edP  +  c  ■  de  +  d  ■  d.  I 

+  e  ■  sin  Jd N  +  /'•  dj 


n    I 


,1  = 


N"  259. 


Ill  K     A  ST  1JO  NO  MIC  AL     .M)l    I:  N  A  I.. 


e  =  — fly  .',('•  rcos{F+u)  cos  w —  —  rcos/cosw 

P 

f  —  fly .',  i  •  r  cos(  F+  a)  sin  w  +  —  r  cos  f  sin  » 

—  P?, 


in  n  1 1  i < -I i 


/   =  -  sin/ 
and  F'  —  F — n  4  w 


The  corresponding  equation  in  y  i-  obtained  I 
/.  /•'.  and  r  1  iv  </.  I,.  Mini  i,  respectively. 

In  order  to  facilitate  the  solution  <>f  the  normal  equ 
certain  transformations  were  made  in  the  -  if  con- 

dition for  the  different  oppositions,  as  follows: 


187S 

x  —    '.'.//•: 
=  45  dp 
4edP 


1879 


y  = 


u    = 

V     = 

MJ  = 


3de 

3  d  I 

2  Bin  JdN 

2d  J 


V   = 


2dE 
60  dp 

AeriP 

I-/. 

.",  d  I 

2  sin.  A/A' 


3  =  2dJ3 
?/  =  'dOdji 
z   =     2edP 


ld< 
3d  / 

3  sin«7dZV 
2dJ 


1880 
a;   =     ■.'.//•; 
y    —  30dp 


<   = 


1883-4 

;  =     2dE 
•  =  iod.u 


1887 


3dJ5 

4.  '<<!■■ 
3edP 
4de 
3d  / 

2  sin.  A/  .Y 
2  dJ 


■A- IF 
to  d/i 

3de 
3d  / 

2  sin.  7. /A' 
2  dJ 


1888 

=  :3(7A' 
=  45  d/i 

=  5  edP 

=  3  de 

=  3dJ 

=  2  sin  ,WAr 

=  3  d.T 


3de 

2d  / 

2  sin. A/ A' 
2  d«/ 

x  —  3dE 
y  =.  4~>  dp 
2    =      2ed/> 


ide 

2d  I 

2  >i.\ 


u    = 


6de 
id  I 
2aia  JdN 

1././ 


The  transformed  equation  will  then  be 

((',,.('  +  a\y  +  Vz  +  c'h  +  il'v  +  e'w  +  ft  =  n 
win  re  the  coefficients  have  the  values  given  in  the  following 
table. 


The  lirst  line  at  each  date  contains  the  coefficients  of  the 
equation  arising  from  the  residual  in  x ;  the  second,  those  of 
the  equation  arising  from  the  residua]  in  y. 
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29.5059 
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222'      0. 
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0 
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132  (-0.228 

000  4-0.235 
008  0.091 
045  4-0.279 

00. - 

077    1-0   IS 

00 53 

284    |  "  108 

083  0  i i- 
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048  4-0.242 
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018      0.048 
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.320  4-0.804 
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0.436 
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0.331 
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0.059  0 
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0  068  0 
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OIL'  4-0, 
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.029—0. 

082  0 
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086—0 
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1 12 1  ' ' 
044  " 
063     " 

084      0 
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1.001      0 


041  —o 

II.-,       0. 
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280      0. 
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076—0, 

331  +0. 

ii  ii 
II.-.  ". 
008  +o, 
093  - 
ins       0 

122      o 

\-n;  0, 
164  o 
112  4o. 
381      0 




196   I 
010  + 


lis-, 


oio  40. 
04;  0 
081  4o 

180      11 

294      0 

1    - 
0 

086      " 
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046 

L90 

008  4 
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069-1 
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16.5042 

27  1380 
29.4266 
30  1241 

7.4.!.".l 
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- 
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I 
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■ 
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n  004 
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087      ' 1 
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• 
7.71  40  238 
167  —0.006 
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604      0.008 

■ 


050+0 
370  ". 
058  0 
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266  +0 
183  +0 
128  +0. 

11240 

026  411 
17.".  4" 


018  4" 

006  4" 
016     0 
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.012'— 0 

147.      0 


314      0 
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0 

0 

0.022      0. 
0 


012     0 

II-      0 
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0.01 
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2.48 
1.88 
2.0G 
3.36 
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1.98 
0.18 
4.33 
2.13 
4.29 
1.71 
1.95 
0.43 
2.86 
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4.72 
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Dec    5.011 
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0 
9.5607 
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7,22  +0 
nil  n 
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Ills      0. 


b' 


f 
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— 0 
17  5212   I  11 

■ 

27.5298     0 
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tn 

— 11 

n 


Jan    2.4879 
21.4804 


11 

n 

11 

(-0 

7,711  -0. 

091      11 

546   I  11 

1 ,1 12 


0 
22.47,02      0 

-0 
23.1272+0 

—o 
25  5434    1-0 

— 11 
26.4523 


7,8:1—0 
050  I  0 
608      0 

020  +'i 

19J 

202  +0 
235  ,1 
232  +0 
847  0 
117,7,  +11 
1  is  I 
000+11 
010—0 


104  f  11 

337  0 

112  0 

Ills  11 

195  11 


2:1.7,331 
Dec  4.6198 
7.5974 
,8.5828 
9.5794 
15.5784 
19.5685 
26.5105 


9.5437 
10.5272 
12.4723 
13.5043 
17.6180 
21.5273 
22.4:i:u 

29.4584 

i  -< 
Jan  18.5G83 

22.5185 

24.5309 

25.5538 
26.5482 
27.5395 
30.5067 

Feb  11.5254 


027  +0 
266  — 0 

113  +D 


506  +0 
119  40 


hi  1  11 

2ls  n 

266  n 

LSI  '  1 

356  o 

ill  n 
211 


2:11 


111! 
800 
2:11 
086 
292 
120 
260 
344 
099 

00,8 

121 
114  0 
029  4o 
060—0 
,010  +'i 
0711  0 
088  11 
018  'I 
100  11 
,04 


085 
210 
065 

27,7 

165 
286 

423 
234 
153 
183 

187 

127.  +0. 
20.1+11 


.41;.',  +0 

nil  11 
7,22       11 

;  1 11 

466  —o 
,157+0 
878  — 0 
157  I  0 
588  +" 
1 22  —0 
501  +11 
059  +0 
249—0, 
mi  n 
400—0 

17,1   +0 

813—0, 

140+0 
27,0  -0 
110       II. 


21  io     11 


083 
263 
381 

17,7 
481 


.4110+0 


0 
0. 
0. 

+0 

— 0. 

,+° 

,339—0 

237  +0. 
237  0 
,075+0 
,343—0. 
.268  +0 

221  11 
084  +0 

193  —11. 
150+0 


7,ii2+o. 
071  — 0. 
2:10+11. 
+0. 

-,:a  —o. 
07,2  +11. 

7,47.  — 0. 
H27  — 0. 

308  +11 


11.11 


o 
-  -n 
+0 
— 0 

+0. 

— 0 

+0 

— 0 
0. 
—0.012  +0 


0, 
0 

+0 

-.11 
+0 

— 0 

+0 

,205—0 
300  +0 
207  0 
,094  +0 
.304;— 0 
,139  +0 
247  -n 
1,8,8+0 
.321  +11 

,353+0 
.029  — o 

123  +11 
loo—o 
.322  o 
105  11 
267  0 
,089—0 
2::;;  +11 
,064  —11 

23.1  +11 

,037      0 

417. +0 
.029—0 
,436+0 

.0791—0 


28,; +11. 
hog  11. 
302  n 
038  o. 
119  n 
067  0. 
497  0. 
07.7.  4n 
448  — 0 
064  4o 
3,44  — 0. 
052  0. 
132  n 
056 — 0 
312+0 
037  — 0 
358  11 
17G— 0 
026  +'i 
164—0 
059+0 
244  —11 
024+0 
281  —  0 
059  +11 
299  0 
169 
293 
307 
161  1 
.145+1 
135— ( 


11 
11 
0 
o 
0 

[94  'i 
0 
117  +0 
259  +0. 
518  —o. 
049  +0 
lis  o. 
li-  11 
188  0. 
040  +11 
7,117—0. 

1127,  +11. 

361  — o 

1G4  +0. 

234  — 11. 
201  +0. 

273  — 0. 
188  +0. 
026  +0. 
166  0. 
314  0. 
1.7,1  +0. 
37,1  — 0. 
006  +0. 
3,17  —11. 
062  +0. 
211—0. 
Ill  11. 
132  +0. 
U24  — 0. 
100  +0. 
016  +0. 
147,-0. 
166—0. 
4ii2  40. 
034—0 
424  +0. 
013J— 0, 
4111+0 
058  — 0 


0 
0 

0.142  4n 


1196—  0 

068  4" 
092  —ii 
2 1 2  +0 
042  11 
520  4" 
1117, —II 

069  +0 

ill  11 
0:14—0, 
163  4" 
1 13,3  411, 
428  — o, 

7,117  +0, 

003  —II. 

503  —I' 
024  40. 
445  — 0. 
069  4". 
170—0, 
117s  40, 

iH7,—0. 
107  f". 
395  — 0. 

062  — 0. 

1-,,;  t  11 

001  —0, 
4:i7,  — o. 
022  fO. 
417,-0. 
044  +0. 
285  —0 
044  +0 
576  —0 
031  —II 

4  7S+0. 
117,3  —o. 

i.v.i  4" 
074+0. 
172—0. 
010+0. 

772  K> 
030  — 0. 
500  +11. 
048—0. 
398+0. 
073—0, 
131  +0. 
078—0, 
030+0. 
035—0. 
49G+0. 
117,1  +0. 
2131—0. 
0G2+O. 
002—0. 
003+0 
7,72+0. 
048  +0 
411  — 0. 
035  +0 
618  0 
014  0. 
4:1:1+0 

002  —1 1 
384  +11 
011—0. 
247,  +1 1 
022  —0 
087  +0 
041  —0. 
364  +11. 
n44  +0. 
G03  — 0. 


13s—  9.88 
676        1.92 


1  m 

7.17 
OS 

121 

046 


10.86 

I  1- 
s  ill 

7.87 

0461—  7.87 
117,  +16.08 
820  f  3.H 

532—  4.93 
027,  +  4.15 
803  S.99 
062  10.88 
066     10.1a 

026  4.63 
102—11.38 

018  +  3.1s 

27,0—10.69 
0.86+17.23 
47,6—  7,.47, 
106  +22.  Is 
477,—  2.61 
o:i:i+2o.i; 
248  +  7,.  90 
13n  +  .8.:',.-, 
318—  2.29 
030+  8.96 
188  2.20 
015       2.1s 


338 
059 

47,0 
106 


2.76 
11  so 
2.14 
1.73 


106—  0.24 
031  +  3.27 
444  —  5.32 


+  7.79 

220  1  "12 

1::.:  0.86 

4S3  1.7,9 

016+  2.47 

283—  3.83 

ii21  +  2.3S 

405  —  5.07 

05G  +  4.58 

—  5.18 
+  8.81 

—  5.28 
+  9.46 

—  4.4o 
+  7.11 

2.17, 


0.7,7 
2.7,7, 
1.02 
3.06 
+   1.14 

—  2.19 

—  6.7,1 
+  0.31 

—  5.94 
081 
3.47 
3.17 
3.08 
1.95 
0.21 

—  1.91 
+  0.8 

7,70—  2.7,2 
117+  4.87 
314  +  0.63 

lis  —    11.6] 

050+  0  I 
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Gr.M.T. 


Heb  12.5070 

13.5179 
IG.5511 


24.4956 
27.4766 


+0 
0 
0 
0 
0. 

+o. 

22.5034  — 0. 
0. 

ii 
— 0 

±2 

4567  +ii 


10.507 


tty  1.46 

— 0 

ii 

■0. 

+0. 

11  4618—0. 

+" 

12.4541  —  ii. 

,-..         +0. 

Jan  18.5755  +0. 

0 
19.5802     ii. 


311—0 
085  0 
265  'I 
113—0 
017 +0 
152+0. 
413—0. 

251  ii 
158—0 
103  +0 
139  —0 
193+0. 
.  109  —0. 
.262+0. 
073—0. 
.308  +0. 
033  — 0. 
,058—0 
143  +'i 
160—0 
12G+II 
297  —'I 
095  +0 
348  —n 
040     0 


,052+0 

iU4  ii. 
026  0 
Oil      ii. 

I  MIL'        0. 

016     0. 


i,  120 


if 


207  0 

.040  0 

159  0 

.100  'I 

• 

116  0 

173  ii 

098  0 

253  0 

070  'I 

319  0 


21  5613      0 

H> 

30.5428      0 

ii 

Feb  1.5681      0 

0 

2  54 

0 
13.5422     ii 

+n 
-ii 

|+° 
16.6007—0 

+0 

18.S I     0 

1—0 


15.5036 


3471+0 
115  0 
133  0 
140  0 
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133+0 
346—0 


.034  0 

091  0 

.224  ii 

262  << 

205  ii 

447  0 
160  +0 
- 
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.124      0 

.196  ii 
.357  'I 
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.119  o 
.126  ii 
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.lln—ii 
.149+o 
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.007  +'| 
.014—11 
006  +0 
0H4—II 
033  +u 
008—0. 
100  +0. 
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.326  ii 
.121  —ii 
.214  +n 
.049  — 0 
.250  H 
.031  —ii. 
.306  +0 
026  —ii. 
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034  — o. 
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231  +0. 

n24  — 0 

oil  —o 
130  -0 
018      ii 
395 
029 
281 


050  +n 
156      'i 

191  —II 
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294  +n 

139  +n 

247  —ii 
270      0 


.021 
.349 

,||»:. 
231 
007 
.228 
.016 
.434 
016 
213 
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.052 
370  H 
.045  —  ii 
164  0 
on  — 0 
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329 
1551—0 

Hi'  +u 

213  n 
270  n 
292      ii 

229  +n 
2.".  4  +n 
151  — 0 
339  +0 

179—n, 
378+0 
248  — 0 
348  — 0. 

230  +'i 
201  — 0. 
280      ii. 

L'7n  n 
222  li 
1  7,1 1  — 0 
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.281  — 0 
oil  +o 
228      0 
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1(14  0. 
144  +0. 


146  ii 
255  ' ' 
1 16  — 0 
391  +n 

083  +0. 
.125      0. 

286      | 
.051  +ii. 
.347  -ii 

09]      0 

.127  ii 
234  ii 
154  0 
.145  0 
.170—0 

039  —'I 
342  +0 

279  +n 
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» 


037  +n 

nil  il 
n27  ii 
581  +0 

472       ii 
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+'| 


147 
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ii71 


ii 
ii 
ii 
-n 
22. 1   +n 

073      'i 

!  +u 

.41111  — 0 
.046  0 
.015  0. 
.152  0. 
.365      0 

ii7l  ii 

.256  ii 

106  o 

040  ii 

122  +il. 


031 
018 
.040  +n 

.046  +n 
310      0 

049  +'i 

172   +0 

U24  +0 
.035  — 0 
.130  +ii 

623      0. 

119        ll 

139  +0. 

112  —ii. 
414       0. 

153      0 

Hill         II 

.175+0 

045  +n 
.196  " 
.048  0 
.135  0 
,093  'I 
303  +0 
.136  —o 
477  +n 


.one—  ii 

094  +  0 
06 

.236+  ii 

036:—  ii 

.531  0 

.000+  n 
.016;—  2 
,06 

0931+  I 
,546—  2 
.116+  4 
521  —  2 
121  +  5 
47..-,  —  1 
136+  6 
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.07,7—    1 

.082—  I 
.527  +  2 
.102—  7, 
474  +  2 
.077+12 
.024—  2 
.084  +11 
125  +  : 
081        7 

292.  +  1 
072  —  8 

1 15  I        1 

2.99—    5 


009 
1.056 

014 
333 

H22 

25 1 
1 15 1 
040 


•> 

+  0 
—  o 
0 
|| 
1 
0, 
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+0.320 
— 0.025 


/' 


+O.289—0.009- 
—0.006+0.003      H.  141—  0. 
—0.029  +U.2I4      H  15 


+0.138  +n  ■  -                      l   270  'i 

123  0 

+0.122+0.174      0.050—0.236  0 

020  " 

-f-0.089  +0  I                        I    189  0 

9.4967—0.360—0,564  +0.411      0    . 

II  -1-0.070-  0.029      0.151  +o 
i— 0.181  —0.214  +0.2 

0.262      ii  "21       n.274+11 

0.1411+1121'. 

-0.269  —0.004  —0.275  0 

+0.267  +H.271  +O.021  ii 
0.217  —0.036 


i— 0.181 
0.138 
0.071 

—11.127 
17.5141  +0.127 
—0.103 


H97        ii 
1-2       ii 


117 

016 
375 


18.5092  +II.2H2.  +0.440  +0.324  +0.043 
-0.077    -ii  167  — 0  036|—0.184 


-      ■  0.250—0 

—0.024  +0.032— 0.12G 
26.5834  +".229  —0.339 

—0.072.— 0.132 
\hi    2.5H73  —0.146  +".111  +".2.4" 
;  —0.047—0.176 
8.5630      i  05      0  015 


ii  "24       0.131 
0.046 
0.071      0.021— 0.161 
:      0.043      0.007+0.088 
7       0  "11  —0.191 
-"  281  +0.028  +"  422 

—  "."12  - i  —0.116 

23.5415—0.113  —0.072 
- 
Apr  11.5428  0.110 

0.088      0.167— 0.194 
12. 4.-54      16      0.130+0.015 


- 
19.52H2, —".2,1.5 

0.062 
0.160 

"  "72 

0  "71 

-"."7" 


+0.17"— ".212 
— 0  74.:    - 
0.150 

0.186      ""ll 
0  194  +0.202 


".34  4  +" 
0.194  +" 

".2,13—11 

0.264  — 0 
0.055  +0 

".  191  — 0 

• 

"."24        " 
D.241  +n 
I 

0.318  —ii 

".225   -    0 


11.051 


.02G  +" 
354  0 
.099      " 

.126—0 

242.  —ii 

130      " 

'.212—  ii 

"11  +" 
164  0 
031      " 

Mil 

'.291  +" 


2.4a 


- 
561  —o.: 

I  '+  1.40 

"—   4"1 

i 

■ 

'7  +   1.38 
! 
014      0.04 

.071      0.005 

: 

"14 

- 
5i 

21        7.39 

■" 

1.361  +0.17 

12+   1.07 

: 

12        1.63 

- 

"1  —  1.02 

-7—   1.21 

- 

,097  +".241  —  3.30 

1.51 
-    1.91 
-  ".47 
032+0.017 

• 


§5.     Normal  Eqi  ltions  and  nun;  Sou  ii"s. 
The  equations  of  condition  at    each   opposition    have  been    solved  separately,  giving  ii>e   thereby  to  the  following 
■  sets  "I   Normal  Equations. 
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— 0.4558  « 
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+  0.0 

- 

-0.4004 

+  1.7  12,.-, 

4  1.2501 

4i  i.l  149 

+0.0723 

+  H.2177 

0.4  115 

+    7.1682 

—0.4558 

+  1.2501 
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f-0.2855 

—0.0287 

—0.2426 

•  175 

+  11.9268 

—0.2910 

+0.4  I  19 

4  0.2855 

4  1.5971 

•  ii. .'.ii77 
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•  0.2780 

+     1.  .5  79.5 

0.3540 

+0.0723 

—0.0237 

1  0.5077 

+  •2.1  ■ 

- 

4-  1.0622 

+  0.2177 

—0.2426 

+  (i. 

+  0.1275 

—  17.i-.l7i: 

—0.4415 

-  0.6475 

r-0.2780 

—0.0845 
1.N77. 

+0.1275 

-   52 

1  1.2600a; 

+0.08 

-    0.4682u 

+ 0.2222 v 

+  0.2559* 

. 

-Mi.  o.s.-;.", 

+  1.0572 

0.8068 

'  0.2319 

0564 

+0.0132 

+  0.1 

+  1  1.3677 

-    0.4682 

S068 

+0.9212 

—0.3683 

•  0.1178 

-  0.1  177 

—0.1709 

—31.5717 

+0.2222 

2319 

—0.3688 

+  1.2862 

0166 

1832 

- 

—0.1230 

0.0564 

1  0.1  17s 

■  -0.0166 

6417 

•  0.4643 

—0.0552 

—11.1851 

+  0.2559 

*  0.OIS2 

n. 1  177 
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•II 

• 
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+0.0941 
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1870. 

+  2.1 

I  0.4895  . 

1  0.3554  •' 

0.4786  v 

0.5501  w 

•  0.26131 

— 0.25ns v 

= 

—  21.6I-,  l:; 

+0.4895 

-t  0.8901 

\  0.4018 

+  0.4708 

—0.2654 

-    0.1869 

S294 

= 

—  2.8912 

+0.8554 

-1  0.4018 

1  2  6402 

+0.6684 

0.0121 

•+  0.0648 

—0.6490 

= 

—  6.1 199 

—0.4786 

f  0.4708 

1  0.6684 

+  1.7126 

—0.0851 

H  0.0745 

+  0.25  1" 

= 

+   5.9067 

—0.5501 

—0.0121 

—0.0851 

t  L.8505 

-(-0.0171 

—0.015:; 

= 

+   0.8681 

+  0.2613 

0.1869 

+  0.06  IS 

+  0.0715 

+  0.0  171 

+  1.8232 

—0.1429 

— 

— 13.1988 

—0.2503 

+0.3294 

—0.6490 

+  0.25  10 
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1880. 

-    0.1429 
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= 

+    5.7s 20 
.-,20.72 
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+O.6GOS2 

1  0.7984  u 

+  0.6995  »• 

— 1.25  I'.x /• 

+  0.3929* 

+  0.2330^/ 

= 
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(  0.6603 
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+  0.2'.':t7 
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+  0.0409 

—0.8237 

= 

—  3.2972 

+0.7934 

r  2.5 1st 

+3.2842 

+  0.35'.i5 

—0.1494 

+  0.3166 

—0.5513 

:= 

—  3.5201 

+0.6995 

-1  0.2997 

+  0.3595 
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+  0.9771 

—0.8348 

— 
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—0.2  2  7;; 

—0.1  194 
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:= 
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+0.3 
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+0.3166 
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+  0.2488 

— 

—17.9969 

+  0.2330 

—0.8237 

—0.551:! 
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+  0.2488 

+  3.2022 

- 

—  17.9908 
260.12 
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—0.0459z 
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— 0.1 592  v 

— 1.3494«! 

+  1.0744* 

—0.3561  -/ 

= 

+83.8144 

—0.0459 

+  2.0812 
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—0.0962 

+  0.4673 

+  0. :;:;:;:; 

—1.6326 

= 

—27.8641 

—0.6885 

—1.1794 

+  2.619:; 

—0.1540 

+  0.4:;  15 

—  0.1376 

+  1.4021 

= 

—  4.3985 

—0.1592 

—0.0962 

—0.1540 

+  3.1612 

+0.2848 

t  0.8543 

+0.8295 

= 

—  11.3596 

—1.3494 

+  0.4673 

+  0.4345 

+  0.2848 

+  2.3859 

-n.r.Mi-j 

+  0.2527 

= 

—39.6932 

+  1.07  1  1 

+  0.3333 

—0.1376 

+0.85  1:; 

—0.6802 

+  2.5939 

—o.2s  7  7 

= 

+  12.3036 

—0.3561 

—1.6326 

+  1.4021 

+  0.3295 

+  0.2527 
1884-5. 

—0.2877 

+  3.0127 
[nn] 

= 

+  21.0297 
2818.69 

+  1.3100  a; 

—0.2:17s.; 

—0.2815  m 

+  0.0389^ 

— 1.0067  w 

+  1.0037/ 

—0.0575*/ 

— 

—  19.7404 

—0.2978 

+  1.8648 

+  0.5662 

+  0.0889 

—0.1785 

+  0.1952 

+  0.4061 

= 

+   2.2363 

—0.2815 

+  0.5662 

+  2.8653 

+  0.2041 

+  0.072:1 

—0.0728 

+0.3748 

= 

+  28.8864 

+  0.0389 

+0.0889 

+0.2041 

+  1.8123 

+  0. 351)2 

+  0.3470 

—0.2384 

— 

+  3.3694 

—  1  0067 

—0.1785 

+  0.0723 

+  0.3592 

+  2.8717 

—1.0815 

+  0.0410 

— 

+  17.2571 

+  1.0027 

+  0.1952 

—0.0728 

+  0.3470 

—1.0815 

+  2.7323 

+  0.19:':; 

zzz 

—25.2298 

—0.0575 

+  0.4061 

+0.3748 

—0.2384 

+  0.0410 
1887. 

+  0.1993 

+  1.8099 
[rm] 

= 

—  0.6289 
611.63 

+  1.5080* 

+  0.4303  z 

—0.0907m 

— 0.0879 v 

— 0.6018w 

+  1.2387* 

—0.1092)/ 

= 

+    2.6814 

+0.4303 

+  2.2-194 

+  0.6709 

+  0.5288 

—0.3698 

+  0.3525 

—0.5615 

= 

—  5.9650 

—O.oniiT 

+0.6709 

+  1.8782. 

+0.0632 

+  0.8163 

—0.6515 

+  0.1799 

= 

+   5.2784 

—0.0879 

+  0.5288 

+  0.0632 

+  1.8862 

+  0.7931 

+  0.2004 

—0.3213 

- — 

—  6.8497 

—0.6018 

—0.3698 

+  0.8163 

+0.7931 

+  3.0563 

—0.4304 

+  0.2783 

HZ 

+    1.4556 

+  1.2387 

+  0.3525 

—0.6515 

+  0.2004 

—0.4304 

+  3.5405 

+  0.0066 

= 

+   4.4858 

—  0.1092 

—0.5615 

+  0.1799 

—0.3213 

+  0.2783 
1888. 

+  0.0066 

+  1.7207 

= 

+  23.8330 
371.21 

+  1.4926* 

—0.2677a 

—0.1280m 

— 0. 1148  V 

— 0.6728  w 

+0.7624/ 

+  0.0651  y 

= 

+  11.4211 

—0.2677 

+  2.0071 

—0.8088 

+  0.1023 

—0.1029 

—0.0078 

— 0.9  Ml  5 

= 

+  12.7692 

—0. 1  2S0 

—0.8088 

+  1.6858 

+  0.0725 

+  0.2814 

—0.0166 

+  0.6141 

= 

+    1.9703 

—0.1148 

+  0.1023 

+  0.0725 

+  1.7873 

+  0.6988 

+  0.3489 

—  0.5868 

=: 

+  14.1152 

—0.6723 

—0.1029 

+0.281  1 

+  0.6988 

+2.8535 

—0.1092 

+  0.4356 

— 

—  5.9350 

+  0.7624 

—0.0078 

—0.0166 

+  0.3489 

—0.1 09  2 

+  1.6675 

+0.1878 

= 

+   8.0264 

+  0.0651 

—0.9315 

+  0.6141 

—0.5868 

+  0.4356 
1800. 

+0.1878 

+  2.4940 
[nn] 

= 

—34.9175 

766.38 

+  0. 6289  a; 

—0.05282 

+0.0499  u 

+  0. 1688v 

—0.0551  w 

+  0.2490/ 

+  0.2016  y 

— 

—  12.0962 

—0.0528 

+  1.0427-. 

—0.3939 

—0.2497 

+  0.0493 

+  0.0162 

—0.4886 

= 

+   0.4035 

+  0  0499 

—0.3939 

+  0.8415 

+  0.2465 

—0.0203 

+  0.0289 

+  0.3976 

= 

+    7.5286 

+  0.16*8 

—0.2497 

+  0.2465 

+  0.7384 

+  0.0175 

—0.0306 

+  0.3909 

= 

—  0.6920 

—0.0551 

+  0.0493 

— O.0203 

+  0.0175 

+  1.2251 

+  0.1105 

—0.05  17 

• — 

+   3.6680 

+0.2490 

+  0.0162 

+0.0289 

—0.0306 

+  0.1105 

+0.7740 

+  0.1753 

= 

—  2.4401 

+  0.2016 

—0.4886 

+  0.3976 

+  0.3909 

—0.0547 

+  0.1753 

+  1.3076 
[nn] 

= 

—  5.6515 
391.44 
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In  solving  the  foregoing  equations,  the  values  of  .'•.  :.  ». 
v,  iv,  t,  were  obtained  in  terms  of  y  from  the  first  six  of  each 
Bet,  the  value  of  y  then  being  found  from  the  seventh. 


187; 


•J.//-: 
4edi° 


—  +  0.2306 

=  +1.1308 

3de        =  +  1.7928 

:\,l  /       =  +i.nr.-_'7 

•s\n./<IX  =  +0.2042 

2dJ       =  —5.4652 


+  0.08560 
+  0.1035 
+  0.3359 
—0.2810 
+0:1371 
—0.0428 


.'/ 


45     dp  = 
1877. 


-11.7053 


2dE 

=  +41.5755 

— 0.69840 

iedP 

=  +   0.7711 

—0.2445 

4de 

=  —10.8651 

—0.2115 

3dJ 

=   +   5.8696 

+0.4019 

•_'sin,/(LV 

=  —  0.9222 

-    0.0257 

3dJ 

=  —  6.7543 

+0.0633 

y  =  60 

d,u  =  —12. 
187J>. 

7829 

ME 

=  —10.3869 

+  0.20240 

2edP 

=   +   0.5357 

—0.6092 

Ada 

=  —   1.1498 

+  0.3246 

3d  / 

=  +    1.0444 

—0.0494 

3  sin  JdN 

=  —  2.3857 

—0.0174 

■1,1.1 

=  —  5.6361 

—0.0226 

y  —  30     dp  =   +0.7-271 
1880. 


2dE 

=  —0.5198 

—0.16750 

iedP 

=  —2.8468 

+  0.5030 

:',,!<■ 

=   +1.2084 

—0.2057 

2d  1 

=  +4.4636 

-1  0.3221 

2sm  JdN 

=  —2.4878 

—0.0278 

2dJ 

=  —5.7583 

—0.1178 

y  =  30     d;i  =  — 5.. 

9 

58 

1  883-4. 

2dF! 

=    +30.1863 

—0.00100 

::..//• 

=  —12.0254 

+  0.7  11-.' 

Ide 

=   +   0.2713 

—0.1682 

•2d  1 

=  —   1.0526 

0.0616 

2  sin  JdN 

=   +    1.2949 

—0.2223 

■2,1.1 

=  —  5.5131 

—0.0310 

y  =  4. 

i     dp  =   +6.80 

2 

1  884-r». 

:;<//•; 

=  —9 

—0.01 10y 

■:,edP 

=  —2.7019 

— o. 

ide 

=  +9. 

—0.1084 

3d  / 

=   +2.2474 

+0.1962 

Mll././.Y 

=  —0  1375 

—0.0977 

■1,1.1 

=  —5.6351 

—0.1216 

V  =   4 

'<     dp  =  — 1 

1339 

1887. 

x    —        SdE        —   +1.0609  +0.05440 

2    =       bedP      =  —4.2432  +0.2856 

u  =        3de        =  +5.4118  —0.2197 

v    =        3dJ       =  —2.7415  +0.1251 

w  =  2sin  JdN  =  —0.2179  —0.0338 

t    =        2dJ       =    I  2.4  129  —0.1010 

0  =   45     d,'i  =   +13.4897 


188S. 

=  3dE       =  +10.7694  +0.07230 

=  5edP      =   +   9.9230  +0.3713 

=  3de        =   +   6.6954  —0.1649 

=  3d,/       =  +   8.9706  +0.4575 

=  2sin  JdN  =  —  2.1188  —0.2278 

=  3dJ       =  -,   2.0126  —0.2562 


y  =  45     dp 


—  1  1.6229 


1890. 


SdE      =- 

—21.2074 

_0.| 

2edP      = 

: 

+0.2 

6de 

+  11.5 

—0.2163 

l,/  / 

+    1.3728 

—0.3471 

-in  JdN  = 

+    1.7556 

+0.0577 

IdJ       = 

+   2.9502 

— o .-_ 

y  =  45     dp  =  — 5.7253 

From  these  »  e  obtain  i  be  folli  >w  ing    c id  ous 

assumed   elements.      ruder   each   date   are   three   - 
values,  the  firsl  expressed  in   terms  of  dp,  the  second  in 
which  dp  =  0,  and  the  third  in  which  dp  is  given  the  value 
corresponding  t"  the  values  of  ;/  given  above. 


1S7. 


•  IK  I  0.0309  -»     l.926d/u 

dP  =  +0.7569  +  11.640 

dN=  +0.2383  1  26.898 

dJ  =  —0.7316  —  0.962 


d  I  =    f  0.3548 

dc    =   +0.0075 


-  15.743 
i    0.088 


dE 

dP  = 
dN 

,i.l 

+  0          1.9 

I  0     15.4 

1  0     l  1.8 

0     18.9 

±0     12.2 

±1      17..". 
t  1     33.9 
b0     14.8 

d  1 
de    = 

1  0.354 
dp 

i  0.0028 
0 

dE  -  2  ±0       3.2 

—  o       3.2  ±0 

\  3.1  ±0     24.7 

dJ    =.   —0     39.9  ±0 

././   =  +1*451  ±0.1 
•  0.0013 

[nn.7]  = 
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IS77. 


dE 
dP 
dN 
dJ 

d  I    : 
de      : 


dE 

dP 
dN 

,1.1 

,1  I 
,/,      . 


dE 
dP 
dN 
dJ 

.1.1 
de 


,657         20.95Sdft 

+  0.5162  —86.669 

—1.0768  -  -  6.784 

-0.6028  +    1.267 

+  1*9565  +80.021 

0.0127  —  0.055 


—  1.3905  +     3.036d/u 
+  0.8964  —114.229 

—4.8585  —     1.519 

—  0.7545  —     0.339 

+0.3481  —     1.844 

—0.0013  +      0.042 


—0.0690  —  2.513  dp 

-2.3819  +47.158 

--.'.'JOTS  —  3.643 

—0.7708  —  1.767 


dE  =  +5     38.9 
dP  =  +o     81.0 
dN  =  —1        1.6 
dJ  =  —0     36.2 

±i>  16.2 
±2  18.6 
i  i  39.8 
±0     9.1 

dd  —  +1.956 
de    =  —0.0127 
dp  = 

t  0.584 

i  0. 9 

0 

IN  7!). 


dE  —  —  1      23.4 
dP  =   +(i     58.8 
dN  =  —1      51.5 
dJ  =  — 0     45.3 

±0  3.2 
±0  59.7 
±0  15.3 
±0     2.7 

dd  =  .+0.348 
de    =  —0.0013 

dp  = 

±0.142 
±0.0003 
0 

1880. 


+  2.2318 
+  0.0019 


+  18.044 
—  0.036 


dE  =  —0        4.2 
dP  =  —2     22.9 
dN  =   —2     54.5 
dJ    =   —0     4G.2 

±0  5.5 
±1  12.7 
±0  51.9 

±0     5.0 

dd   =    +2. 2:!  2 
de    =  +0.0019 

du  = 

±0.349 
±0.0019 
0 

1 88:J-4. 


dE  —  +   4.0410 

—     0.022  du 

dE  —    +   4        2.5 

±0     6.8 

dP  =   —10.7322 

+  111.174 

dP  =  — 10     43.9 

±0  56.9 

dN  =   +    1.5147 

—  43.712 

dN  —    +    1      30.9 

±1      7.2 

dJ  =  —  0.7380 

—     0.696 

dJ  =  —  0     44.3 

±0     7.5 

dd  =  —  o'!5263 

—     5.173 

dzl  =  —0.526 

±o".365 

de    =   +   0.0003 

—     0.033 

de    =   +0.0003 

dp  =  0 

±0.0011 

1884-5. 


dE  =  —0.8502 
dP  =  —2.4113 
dN  =  —0.1609 
dJ  =  —0.7544 

—  0.165  rfM 
— 28.890 
— 19.212 

—  2.736 

dJ  =   +0.74:il 
de    =  +().(ill(i 

+  10.992 
—  0.021 

dE  —  —0     51.0 
dP   =  —2     24.7 
dN  =  —0       9.7 
dJ   =   —0     45.3 

±0     2.7 

±0  18.3 
±0  22.0 
±0     2.6 

(11  —  +0.749 

de    =   +0.0110 

du    = 

±0.1  11 

±0.0003 
0 

1887. 


dE  —  +0.0947  +   0.819  d/u 

dP  =  —1.8934  +21.418 

dN  =  —0.2874  —  7.480 

dJ   =   +0.3270  —  2.272 

dJ   =  —0.9138  +   7.010 

de    =  +0.0084  —  0.058 


dE  =   +0       5.7 
dP  =  —1      53.6 
dN  —  —0      17.2 
dJ   =    +0     19.6 

±0  9.2 
±0  42.8 
±1  52.1 
±0  10.4 

dJ  =  —0.914 
de    =  +0.0084 

du   = 

±0.550 

±0.0028 
0 

dE  =  +6  15.6  ±0     6.2 

,//'  =  +2  30.5  ±0  50.0 

dN  =  —0  41.6  ±0  35.7 

dJ  =  —  0  40.5  ±0  3.3 


,1  I  =   +0.211 
de    =  —0.0095 


±0.210 
t  0.0018 


dp    =  —0.0570  1  ±0.00289 
[»in.7]  =  20.0189 

dE  =  —1      22.2  ±0     3'.2 

dP  =  +0       9.3  ±1      1.9 

dN  =  —1     52.1  4  0  i5.o 

dJ    —  —O      15.1  ±0     -J.  6 

(I  I    --    +0.336  ±0'.139 

de    =  —0.0011  ±0. 0004 

d/x    =    +O.O0G49  ±0?00293 
[na.7]  =  10.8778 

dE  —  +0°      3.3  ±0     2.4 

dP  =  —4     44.2  ±0  30.8 

dN  =  —2     43.5  ±0  22.7 

dJ   =   —O     41.0  ±0     2.2 


dd  =  +1.331 
de    =   +0.0037 


±0.161 

±0.0008 


dp    =  —0.04994     ±0.00279 
[nn.7]   =    18.2354 


dE  =   +4       2.4  ±0     2.2 

dP  =  —  6      14.0  ±0   22.3 

dN  —  —0     15.3  ±0  22.7 

dJ  =  —0     46.0  ±0     2.4 

dd  =  — 0.73G 
de    =  —0.0010 


±0.119 
±0.0004 

dp   =    +()C.04047      ±0°.00184 
[nn.7]  =  7.8776 


dE  —  —()  50.9  ±0  2.5 

(IP  =  —2  12.4  ±0  16.9 

dN  =  — o  1.5  ±0  20.1 

dJ    =  —0  44.1  ±0  2.4 


,1  I 
de 


+0.671 
+0.0111 


±0.103 

±0.0003 


dp    =  —0.00710      ±0.00182 
[nn.7]   =  8.9871 


dE  —    +0  9.6  ±0  2.4 

dP  —  —0  10.5  ±0  11.6 

dN  —  —0  53.3  ±0  29.1 

dJ  =   +0  8.7  ±0  2.7 


d  I 
de 

dp 


-  —0.351  ±0.144 

=    +0.0038        ±0.0007 

1  +o!o8026     ±0°.00249 
[nn.7]  =  18.5639 
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dE  =    +0.9611  +    1.084  dp 

dP  =   +4.4280  +27.884 

dN—  —  2  7908  —50.434 

dJ  =  —0.1796  —  3.842 


d/1  —   +2.9902 
de    =   +0.0104 


+  25.630 
—  0.043 


dE  =  —1.8927  —  1.416  du 

dP  =    +4.3390  +56.170 

dN  =   +2.3124  +12.781 

dJ   =  +0.1975  —  2.433 

d.J  =  +o".3432  —14.583 

de     =   +0.0090  —  0.028 


1SSK. 


dE  —  +0  57.7 
dP  =   +4   25.7 
dN—  —2    17.1 
dJ  =  —0   10.8 

±0    12.5 

±0  49.1 

±1  58.4 
±0   11.2 

d/1  =  +2.990 
de    —  +0.0104 
du  = 

±0.612 
±0.0031 
0 

1NOO. 


dE  = 
dP  = 
dN  = 
dJ  = 

—  1   53.6 
+  4.  20.3 
+  2  18.7 
+  0  11.8 

±0  8.0 
±1  17.2 
±1  14.9 
±0     5.2 

d/1  = 

de    = 

+  0.343 

+  0.0090 

du  := 

±0.340 

±0.0010 
0 

dE  = 

+  0  52.0 

±0     3.6 

dP  = 

+  2     0.3 

±0   15.0 

dX  = 

-t-i   35.8 

dJ   - 

+0     9.3 

±0    3.3 

d/1  = 

+0.760 

de    = 

+  0.0142 

±0.0009 

du     = 


—0.08700      ±0.00 


dE  = 

—  1   50.7 

±0     5.8 

dP  = 

+  2   25.5 

±0  52.1 

dX  = 

+  1   52.6 

±0  49.5 

dJ  = 

+  0   16.8 

±0     3.1 

d/1  = 

*  0.840 

±0.230 

de    = 

+0.0100 

±0.01 

du    = 

—0.03406 

±o.00430 

[""•"] 

=   19.2136 

In  considering  the  second  and  third  sets  of  corrections, 
we  see  that  in  all  the  oppositions,  except  1879,  the  probable 
errors  of  the  latter  set  are  the  smaller,  therefore  it  has  been 
decided  to  use  this  set,  giving  us  the  following  corrected 
elements  : 


Epoch  1887,  Feb.  15.0  Gr.  M.T. 


Epocb  187 


§6.     Final  Elements. 
:t.  0.0  Gr.  M.T.        Epoch  1877,  Nov.  0.0  Gr.  M.T. 


E  =   171  11.6 

P  =  302  1.5 

N  =   12.".  25.7 

J  =       5  58.7 

/I  =  213.649 
e    =       0.1238 


E  =     63     7.2 

±0     3.2 

E  =  346  24.8 

±0     6.2 

P  =   173  58.4 

±0   20.2 

P  =   133    19.7 

±0  50.0 

N  =  122   1  1.2 

±0  24.7 

X  =  123    15.5 

±0  35.7 

J   =       5  55.3 

±0     3.7 

j  =       5  54.5 

±0     3.3 

//   ==  215.451 

±0.135 

d  =  21  1.2  11 

±0.210 

e     =       0.1013 

±0.0008 

e    =       0.0905 

±0.oo  is 

u    =     16.85024 

±0!00224 

ix    —     16.86284 

±o!o0289 

Epoch  1870,  Nov.  0.0  Gr.  M.T. 


E  =     9  1   29.5 
P  =     86  31.0 

N  =  122     9.7 
J  =       5  49.3 

//  -   214.336 
e    =       0.0789 


±0  3.2 

±  1  1 .9 

±0  15.0 

±0  2.6 

±0.139 

±0.0004 


16.92637      ±0.00?93 


Epoch  1884,  Jan.  0.0  Gr.  M.T. 


Epoch  1880,  Nov.  0.0  Gr.  M.T. 

E  =  184      5.8  ±0  2.1 

P  =  5  918.3  ±0  30.8 

X  =  121   20.6  ±o  22.7 

J   =  5  53.6  ±0  2.2 


/I   =  215.331 
e    =      0.0837 


±0.161 
_,  0.0008 


=     16.86994      ±0.00279 


Epoch  L885,  Jan.  0  0  Gr.  M.T. 


E  =  302  52.4 

±o     2.2 

E  =  859  89.1 

±0     2.5 

P  =  351    20.5 

±0  22.3 

/'  =  336  31.8 

±01    6.9 

N  =   123  56.5 

±0  22.7 

N  =  121   12.6 

t  02  0.1 

J   =       5  48.8 

±0     2.1 

J  =      a  50.1 

i  o     2.4 

A  =  213.264 

t  o.l  L9 

J  =  21  L671 

e    =       0.0990 

±0.0ooi 

e    =      o.iin 

,"    =     16.96035 

±0.00184 

a    =     16°.91278 

I  0.00182 

±0  2.1 

±0  11.6 

±0  29.1 

±0  2.7 

±0-144 

±o.ooo7 


Epoch  L888,  Feb.  15.0  Gr.  M.T. 


=     17.00014     ±0.00249 


E  —  2:;:.     8.0 

P   =  288   16.3 

N  —  125  54.8 

J  — 

J   —  21  L760 
e    =       0.1342 


±0  3.6 
±0  15.0 
±0  35.3 
±0     8.3 

- 


16.83288     ±0.00302 


Epocb  1890,  .Mar.  14.0  Gr.  M    I 


E  = 

P  = 

N  = 

J  = 


91    52.3 

256     8.5 
126   11.6 

6     6.8 


J  =  21  1.840 
e    =      0.1300 

ii    =     16°.8J 


±n  5.8 

±0  52.1 

±0  19.5 

±0  3.4 

i  0*280 
±0.0006 

±o.ooi:;o 


We  shall  now  proceed  t.>  deduce  from  these  nine  >et>  of 
elements,  their  general  values  referred  to  the  epoch  1884.0. 
In  combining  them  the  values  of  the  eccentricity  were  given 
weights  of  the  form  ±tfsin(5  P),  and  the  values  of  the 
longitude  of  perisaturnium,  of  the  form  ±Ncos(S — P). 
where  .V  is  taken  proportional  to  the  number  of  observations, 
S  i-  the  longitude  of  Saturn,  and  P  the  longitude  of  the 
perisaturnium  of  Hyperion. 

Pi  ki~  \  1 1  RNH  M. 

The  value  of  the  longitude  ><(  perisaturnium  was  assumed 
to  be  of  the  form 

/'         //•   '  |  s,  sin  U   r  s,  -in  211  -  s   BinSIl 
where  ll  is  the  mean  elongation  of  the  perisaturnia  of    / 
and  Hyperion. 

Bach  of  the  nine  \  nlues  of  the  longitude  ga>  e  us  on< 


Ill  i:     A  STRO  NOMICAL    .1  "  l    UN  A  1. 


V    260. 


tion  whose  form  was  thai  ol  the  above  expression  equal  to 

i      these  ni iquations    bv    the  method  of  leas) 

squares,  the  folio wiug  value  was  obtained. 

/*       8°.46   to..",:;      (18°.442  ±0°.106)< 

+  (14°.40  ±0°.86)sinII      (1°.40   bO°.52)  sin.  211 

+  (1  .1  1    ±0  .4<i)  siii.-{U 
II  =  'Jtv.i  .541  |  is  ,942< 

t  =  time  in  j  ears  from  1684.0. 

Since  II  is  a  function  of  /'  the  Bnal  values  were  obtained 
only  after  a  series  of  approximations. 

Tlic  following  table  gives  the  observed  aud  computed 
values  of  /'  with  the  residuals,  I'm-  the  nine  epochs  of  obser- 
vation. N 


In'  \.i  orily  expressed  in  a  single  term  "f  period 

689.5  days. 
The  following  value  was  obtained  : 

/         295°.92  ±0°.03  +  (16°.92OO6  ±O°.O0001)< 

t  i<>  .05  ±0  .<►:{)  -in  |  48  .07  ±0  .23 +,:'!;"- '  | 
I    t  =  qo.  "i'  daj  -  from  Jan    i.O 

The  following  table  shows  how  well  this  value  satisiir-  the 
observations. 


Date 

11 

/'  008. 

/'  com  p. 

O-C 

Wt. 

1875.75 

niT.-jT 

173.97 

174.52 

—0.55 

8 

l.sTT.s:; 

146.67 

138.83 

132.55 

+0.78 

G 

1879.83 

184.55 

86.52 

83.74 

+  2.78 

2 

1880.83 

203.49 

59.30 

.V.i.ln 

+  o.i>o 

8 

1884.00 

263.54 

351.34 

354.89 

—3.55 

2 

1885.00 

282.48 

336..i3 

337.44 

—0.91 

■> 

1887.18 

322.88 

302.03 

302.36 

—0.33 

10 

1888.13 

841.77 

288.27 

287.71 

+  0.56 

10 

L890.20 

20.98 

256.14 

259.33 

—3.19 

L' 

Eccentricity. 
From  the  nine  values  of  the  eccentricity  given  above  was 
deduced  the  mean  value 

e  =  0.1056  ±0.0008  +(0.0258  ±0.0012)  eosH 
+  (0.0008  ±0.0009)  cos  211 

The  following  table  i.s  similar  to  the  one  given  under  peri- 
saturnium. 


Date 

e(obs.) 

e(eonvp.) 

O  — C 

Wt. 

1875.75 

0.1013 

0.0972 

+  0.0041 

5 

1877.83 

0.0905 

0.0843 

+  0.0062 

5 

1879.83 

0.0789 

0.0807 

—0.0018 

9 

L  880.83 

0.0837 

0.0824 

+  0.0013 

5 

1884.00 

0.0990 

0.1019 

—0.0029 

8 

1885.00 

0.1111 

0.1105 

i  0.0006 

8 

1887.13 

0.1238 

0.1261 

—0.0026 

9 

1888.13 

0.1342 

0.1307 

+  0.0035 

3 

L  890.20 

0.1300 

0.1303 

— 0. 3 

G 

Mian  Longitude. 
In  attempting  to  combine  the  values  of  the  mean  longi- 
tude,  it  was  found  that  the  perturbations  were  not  a  function 
of  the  mean  elongation  of  the  perisaturnia  of  Hyperion  and 
Titan  as  in  the  ease  of  the  longitude  of  perisaturnium  and 
of  tin'  eccentricity,  but  had  a  much  shorter  period,  one,  in 
tart,  of  less  than  two  years.      The  complete  perturbation  can 


Dale 

/•:,  comp 

,,      , 

is;:,  Oct. 

0.0 

G:;.l2 

r,:;.-o 

—0.08 

ist;  Nov. 

0.0 

846.41 

346.09 

1879  Nov. 

0.0 

94.  19 

94.54 

—0.05 

1880  Nov. 

0.0 

184.10 

L  84.37 

—  0.27 

1884  Jau. 

0.0 

302.87 

302.65 

-  o  22 

1885  .Ian. 

0.0 

359.65 

—0.31 

L887  Feb. 

15.0 

174.21 

171.21 

—0.03 

1888  Fel'. 

15.0 

235.13 

235.01 

+  0.12 

L890  Mar. 

1  I.o 

91.87 

91.79 

I  0.08 

of    1  ll. 


mgitude  we  obtain  for  the 


From  this  valin 
mean  motion, 

u  =  16°.92006  +0.08892  cos [48°.0 7  +  J^«] 

The  following  table  gives  the  values  of  the  mean  motion 
as  computed  for  the  epoch  of  the  elements.  30  days  before, 
and  30  days  following,  exhibiting  the  great  change  that 
occurs  in  this  element  during  two  months  of  a  single  oppo- 
sition, together  with  the  values  derived  from  observations. 


t 

t  —  SO-1 

t 

( +  30J 

«(obs.) 

1ST.,   (let.     0.0 

•  6.85776 

16.84201 

16.83300 

16.85024 

1877  Nov.  o.o 

16.83849 

16.85228 

16.87193 

16.86284 

1879  Nov.  o.o 

16.90215 

16.92203 

L6.94778 

L6.92637 

1880  Nov.  0.0 

16.90398 

16.87926 

1G. 85807 

1G. 86994 

1884  Jan.  0.0 

16.9961  1 

1G. 97948 

16.95770 

16.96035 

1885  Jan.  0.0 

16.87192 

1G. 89571 

16.92161 

16.91278 

1887  Feb.  15.0 

1G. 98188 

16.99779 

17.00698 

17.00014 

1888Feb.l5.0 

16.83677 

16.83132* 

16.83354 

16.83288 

1890  Mar.  14.0 

16.85856 

16.87987 

16.90465 

h;.ss.-.sl> 

*The  minimum  value  16.83114  was  reached  between  the  dates 
Fell.    L5.0  an. I  Mar.   10.0. 

As  the  constant  value  16.91988  was  used  in  forming  all 
the  equations  of  condition  it  will  lie  necessary  to  investigate 
what  effect  this  large  perturbation  will  have  upon  their  solu- 
tion before  proceeding  further. 

ij7.     The  Libration  of  the  Angle   1*. 
Adopting  Struve's  value  for  the  mean  longitude  of  Titan, 
referred  to  1884.0 

E'  =  91°. .V.i    +22  .57701  ( 
the  value  of  the  angle       V=  4£  —  3£"—  P.      which  at 


N"  ■:<:>>. 
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conjunction  of  the  satellites  is  equal  to  the  mean  anomaly  of 
Wypt  i  ion,  is 

V*  =  18<)  .4.->  +  36  .20  sin  I  4*  .<>7  +  :!i;"    I  / 

—14. 4()  sinn+1  .4<)  sin  211       1  .1  I  sin.UI 
II  ==  2<$3  .54+  IS  .i>4li  /' 

t  =  no.  of  days  from  1884,  Jan.  0.0. 
T  =  no.  of  years  from  lsS-f.O. 

Newcomb  first  called  attention  t<>  this  angle,  and  showed 
that  it  librated  aboul  180°  as  a  mean  value.  The  amounl  of 
this  libvation  can  only  be  determined  from  the  observations 

themselves.     Struve  found  the  value  of   the  librati f 

short  period,  A.N.30Q0,  with  which  the  value  in  the  present 
paper  very  closely  agrees.     His  residuals  amounting  to  16 

•The  secular  term  is  omitted,  as  it  amounts  t.>  onlj  abou 
ten  years,  a  quantity  within  the  probable  errors  of  our  data. 


in    1884.0  nearly  disappear  through  the  introduction  1 
librations  of  longer  period. 

The  following  table  L'i\es   the  comparison  with  obs 
tions. 


I>C 

1: 

1 

1875  Oct.    0.0 

84.49 

185.04 

1877  Nov.  0.0 

8.17 

1  17.77 

1  17. 7l' 

1879  .V  v.   0.0 

289.39 

1  1:;  27 

1  15.88 

—2.61 

Nov.  Q.O 

272.57 

219.39 

—1.05 

1884  jan.    o.O 

91.59 

225.37 

25 

1885  Jan.    0.0 

7l.7.s 

157.73 

I58.2J 

1887  Feb.  15.0 

:;i  t.54 

171.19 

171.25 

1888  Fell  15.0 

27.").  1.") 

186.80 

—0.50 

1890  Mar.  14.0 

142.95 

COMET  a  18!>2. 


The  comet   1892  II  =  a  1890  was  rediscovered  at  Nice 
1892  Jan.  <!.  and  through  an  inadvertence  was  entered  in  our 


is  that  discovered  by  Swift,  March  7,  and  erron 

Dated  as  6  1892  on  page  144.      The  error  is  I  in  the 


record  as  a  1892.     The  comet  to  which  this  notation  belongs      present  number 


OBSERVATIONS   OF   COMETal892    mi///. 

MADE    AT    THE    CT.S.    NAN   U.    OBSERVATORY    WITH    THE    9.G-INCH    KQCATORIA 

Bt  Pro)  .  E.  FRISBY. 
[Communicated  by  the  Superintendi 


1892  Washington  M.T. 

* 

Comp. 

Aa. 

-* 

18 

o^'s  apparent 

s 

■ 

Mar.  11      17  :',:"  :r. 
13      17     3    13.2 
21      17  13  21.0 
24      15  57     4.3 

1 

2 
3 
■1 

3  .  1 
20  .  1 
I  2  .  3 
20  .  1 

—6"  55*74 

+  1    20.64 
—0  23.1  1 
+  2  28.25 

—  3  i".'.7 
—22  34.9 
4  16    10.4 

—  -1  45.2 

19  22   1  I  so          27    15 

19  31    27.86      —25  29  58.7 

20  7  23.40      —17  43  34.7 
20   19  51.15      —14   41     3.0 

n9  .".'.'1 
n9.5204 

0.852 
0.7492 

Mean   Places  for  1892.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

app.  place 

Authority 

1 

2 
3 

1 

19  23  11.33 

19  :ui     7.98 

20  7    17.28 

l'ii   17  23.57 

— 0*.79 
—0.76 

—0.74 

0.1;  1 

—27    12  --'1.1 
— ■_>;>     7    17o 
—18     0     6.6 
—  14  36     6.9 

—  0.1 
6.8 

—  lit.'.) 

Stone  1 

Stone   10584 

Lamont  1 120 
Granl 

( OBSERVATIONS  OF   COMETS, 

mK  HAVEItl'ORD  COM.P.GE  OB8F.lt VATOR1     \\l  I  II     rilB   10-INCH   EQUATORIAL 

By  Prof.  V    P.   LEAVENWORTH  ami  Mr.  W.   II    <  "I  I  is- 


1892  llav, 

rfonl  M.T. 

* 

No. 
Comp. 

_  ^                                        -  apparent 
la       |        JS                     a                        0 

Feb    17 
Mar.  20 

16  54   46 

1 
- 

9  .  5 
8,5 

Pkhiodii    1  "Mi  1   ,.1    W01  1      1891   1 1 
.      29.8        1    15"    a!  1  1 
1  .011  1   n   1892     Shi,  1 
.  66       -5     35.0     20     2   58  11          18  45  22.9 

9.4: 

I. 

158 
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* 

a 

Red,  to 

app.  place 

8 

Red.  to 
app.  place 

Authority 

1 
•J 

20       3     28.82 

o".3l 
0.05 

—  7     7     -  9 
— in  :;it  42.0 

+  5.1              Scbjellerup  i~'"><'> 

—  5.9                 Yarnall    (F)    8915 

OBSERVATIONS  OF  COMETfl  L892    mi///. 

MADE    WITH    rHB    15-INCH    HQUATORIAL  OF    nn:   HARVARD  COLLEGE  OBSERVATORY, 

By  0,  ('.  WENDELL,  Assistant. 
[Communicated  by  Prof.  Edward  C.  Pickering,  Director. 


L892  Cambridge  M   I' 


Mai.     9    17     2  57 
11   16  3S  57 


No. 
Comp. 


dV— * 


la 


:;  36.64 
-1    11.26 


/S 


+  15      7.:! 
—  6  28.9 


# 


-  apparent 


19    1 2  81.19 
19  21   59.21 


—29     1      5.8 
—27   18  56.0 


logpA 


„9.5.".S 

h9.576 


0.874 
0.857 


Mi  mi   I'luci's  for  7892.0  of  Comparison- Stars. 


* 

Red.  to 
a                 app.  place 

S 

Red.  to                                        ,    ,, 
app.  place                                     Authority 

1 

19      wf     8*.67  1     —0*84 
19     23     11.27       —0.80 

—  29°    16       7.7  1      —5.4          Gould's  G.C.   26524 

—27     12     21.0        —6.1                      "              26682 

FILAR-MICKOMETER   OBSERVATIONS   OF   COMET  a  1892  {.swift,, 

MADE   WITH   THE    12-INCH    EQUATORIAL   OK  THE   LICK   OBSERVATORY, 

By  E.  E.  BARNARD. 


1892  Mt.  Hamilton  M.T. 


Mar. 


7  16  50  51 

8  16  22   13 
16  35   14 

9  16  21   21 
15  17  31  36 


* 

No. 
Comp. 

1 

5  ,  2 

2 

2 

2 

4 

3 

12  ,  4 

4 

6  ,  4 

#  —  * 

la  /§ 


— 0     8.59 

+  3  48. 75 
+  0  59.43 
+  0  42.20 


—22 
—  4 


4.1 
26.5 


—  4  57.7 
+   8  21.8 


apparent 


logpA 
for  a  for  fi 


19  3  25.28 
19  8  16.13 
19  41   23.97 


-30  32  51.0 
-29  45     9.6 


—23  30  24.5 


»'.i.l71 

,,9.259 
»9.562 

n  9.4  35 


0.879 
0.839 


0.856 
0.861 


da  measured  direct,  Mar.  7. 


Mean  Places  for  1892.0  of  Comparison-Stars, 


* 

a 

Red.  to 
app.  place 

8 

Red.  to      1 
app.  place 

Authority 

1 

2 
3 

4 

h 

19 
19 

3M   34S.  76 
1     28.19 

—0*89 
—0.81 
—0.79 
—0.76 

-30    10 
—29    40 

41.9 
38.0 

-5.0 
—5.1 
—5.8 
—7.2 

Yarnall  (F)  8329 
Vainall  (F)  8335 

Gould  Z.C.  1681 

19 

40     42.53 

—23     38 

39.1 

After  an  absence  from  the  observatory  of  nearly  two  months,  I 
returned  on  March  7,  and  the  telegram  announcing  the  discovery  of 
this  cornel  was  received  that  day. 

Looking  approximately  in  the  direction  of  the  reported  position 
of  the  comet  on  the  morning  of  the  8th,  before  pointing  the  tele- 
si  ope  on  its  place,  it  was  seen  at  once  with  the  naked  eye,  as  a 
large,  hazj  star  of  the  5*  or  0N'. 

In  the  finder  cl'^-in.  '!  the  head  was  very  bright,  with  a  faint  tail 
preceding. 

In  the  12-inch,  the  head  was  large  and  round,  and  about  8'  in 
diameter.  In  the  center  was  a  small  nucleus  of  llM;  this  seemed 
to  1 1 :i\  e  a  sensible  diameter  and  was  not  stellar. 

i  Hi  the  morning  of  the  10th,  the  comet  was  conspicuous  with  the 
naked  eye.  It  was  somewhat  more  noticeable  and  brighter  than 
the  t ri till  nebula,  but  smaller,  to  the  eye  alone.  It  was  considerably 
brighter  than  the  naked  eye  cluster   N.  G.  C.    lillf.      It  appeared 


about  as  large  to  the  eye  as  the  Orion  nebula  would,  but  much 
brighter.  It  would  not  have  been  missed  even  in  a  casual  glance 
at  the  south-east  heaven-. 

On  the  morning  of  .March  16  it  was  quite  easily  seen  with  the 
naked  eve.  though  the  moon  was  nearly  full. 

At  the  observation  of  March  7,  the  Jd  was  too  great  to  measure 
direct.  A  12".5  star  was  therefore  compared  with  the  comet,  and 
this  in  turn  was  referred  to  the  Yarnall  star. 

The  comparison-star  of  March  :i  has  not  been  identified  with 
certainty.  It  was  about  8".  The  approximate  place  was  about 
19*  12'"  8s,    —  28    I'.''     (1892.0.) 

On  the  16th,  daylight  prevented  the  identification  of  the  coiupar- 
isou-star  with  certainty.  One  pointing  seemed  lo  identify  it  with 
Gould  Z.  1681,  which  star  I  have  assumed  it  to  be.  Cloudy  weather 
since  has  prevented  a  verification  of  this.     It  was  noted  as  8M. 

Mt.  Hamilton,  L892  March  1-. 


N°  260. 


T  II  K     A  s  1  Kd.Nd  M  ICAL     .1  < )  I    I;  N  A  I. . 


1.09 


OBSERVATIONS  OF  THE   COMET  a  1892  (s wift), 

MADE    11    THE  OBSERVATORY  OF    ["HB  STATI    UNIVERSITY,  COLUMBIA,    MO.,    WITH  THE   T'^-IM'II   EQUATORIAL, 

Bv  MILTON  UPDEGRAFF. 


1892  Columbia  M.T. 


Mar.  10     17  38    H.6 

11  17  13  39.1 

12  17   14     2.8 


No. 
Comp. 


la 


—  2.41 
— 17.54 

+  51.02 


jB 


—  1    23.3 

2  21.2 

— .'>  59.5 


"s  apparent 


19    17 

1!)  22  22.99 

19  27     5.99 


for  a 


I     ford 


—28     5   55.0 

—27    1  I    48.3 

26   21    32.1 


//.'.  1771 
n9.5356 


Mean  Places  for  1892.0  of  Comparison- Stars. 


* 

Red    to 
a                  app.  place 

8 

app.  place                                     Authority 

1 

2 
3 

lit      17     46.17 
19     23     11.32 
19     26      15.75 

—0.80          —28     -1   25.9 
—0.79          —27    12  21.0 
—0.78          —26   15   26.2 

5.8              ',  (2  Arg.  Gen.  Cal    +  Yarnall) 
—6.1               |  (2  Arg   Gen.  Cat.    r-  Yarnall) 
— 6.4              Arg.  Gen.  ('at..  1  obs. 

These  observations  were  made  .-it  a  zenith-distance  of  75°.     The  corrections  for  differential  refraction   have  been  applied, 
position  of  this  observatory  is,    A  =  6h  '■>'"  18».2,     <f  =  +38°  56'  51'.6 


RING-MICROMETER  OBSERVATIONS  OFCOMETal892  {swift), 

MADE    AT   COLUMBIA    COLLEGE    OBSERA   ITORY,    WITH    THE    13-INCH    RUTHERFURD    EQUATORIAL, 


By  .1.  K.   BEES,   ind  HAROLD  JACOBY. 

1892  Col.  Coll.  M.T. 

* 

Nw. 
Comp. 

i 
la 

-* 

./8 

6^'s  apparent 

a                        8 

-      \ 
for  a 

Mar.     20    17    13  56 
17   16   52 

1 
1 

1 
1 

— 27.65 
—•.'7.28 

—5        1.3 
—4     52.5 

20  3  o.  i:t 

20  3  0.86 

—18  44   50.5 

—  18    II    11.7 

»9.507 
»9.501 

- 
0.848 

Jae. 

Ri    - 

Mean   Plact  for  1892.0  of  Comparison- Star. 

* 

a 

Red.  i"                      r.                     Red.  to     1 
app.  place                   °                   app.  place                                     Authority 

1 

20  8  28.84 

1     — 0*70 

— 18° 39  40*8              B.4        ^(Y.8915+MiVHicb  23176+Oelz. Arg.  20274) 

The  deflnition  and  steadiness  of  the  images  were  verj   good 
observation. 


ORBIT    AND   EPHEMERIS   OF   COMET  a  L892    swift), 

By  Rev.  G.  M.  SEARLE. 


The  considerable  discordance  of  the  middle  place,  in  the 
orbit  first  computed  for  this  comet,  giving  some  suspicion  of 
departure  from  a  parabola,  I  undertook  an  unrestricted  cal- 
culation from  Barnard's  observation  of  March  8,  Frisby's 
of  March  13,  and  one  which  I  made  on  March  21.  The  in- 
dications pointing,  however,  in  this  calculation,  to  a  very 
decided  hyperbola,  1  computed  a  new  parabola  from  my  own 
observations  of  March  l<>  and  21,  with  Frisby's  of  March 
18.  These  gave  the  Following  orbit,  verj  decidedh  differenl 
from  that  before  obtained  i 


There  is  still,  however,  considerable  discordance  of  the 
middle  place,  probably  partly  owing  to  the  approximation 
not  having  been  carried  far  enough.  The  residuals  are  as 
follows:    (0     C),      //.  -''  /  18  l 

indication  from  these  would  be  an  elliptic  orbit  ;  but  there 
is  probably  an  error  in  some  one  of  the  observations  which 
le'en  used,  and  it  cannol  be  certainly  known  as  yet  in 
which  set  ii  is  to  be  found.     This  orbit  g  i  owing 

ephenieris,    for  Greenwich  midnight,  which,  though  it  can 
liardh  be  accurate,  will  probably  be  better  than  the  pri 


T  —  April  2.2882     Gr.  M.T. 
(o  =     19°     0'  84"  ) 
Q,  =  239      11    88       1892.0 
I   =     36     38    52    ) 

loo  (/  =  o.Ol : 8210 


8 


March  30.5 
April 

11.5 


20 
20 
21 
21 


ii.'.' 

1  1 .8 
25.0 


B 

I 

— 0 

+  2 


log  A 
0.0180 


Br. 

1.24 

1.21 
1.17 

1.11 
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COMET  b  L892. 

The  periodic  cornel  of  Winkeoki  waa  rediscovered  al  Vienna,  in  the  position 

1892  March   18.4041   Greenw.  M.T.     <>.  =  12'    18"    27'.5,     i  -      ^  :;<iJ  35'  38" 
An  epheineris  by  Dr.  v.  Haerdtl  may  be  found  in  No.  3062  of  the  AatronomiscJie  NachriclUen. 


COMET  c  L892    vENmm  . 

A  fainl  cornel  was  discovered  by  Denning,  al  Bristol,  England, 

1892  March   18.5  Greenw.  M.T.         a  =  22"   14™        8  =  +5'.)°.         Daily  moti '  50'  north  preceding. 

Ii  was  observed  by  Spitalkr  al  Vienna  March  19.4338  Oreenw.  M.T.,     «  =  22°  46'  47". 1,     A  =  +59     17'   18" 


FILAR-MICROMETEK    OBSERVATIONS   OF   COMET  c  1892    dennino), 

WADE    Willi    lllF,    12-INCH    EQUATORIAL   01?    nil'-    LICK    OBSERVATORY, 

By  E.   K.   BARNARD. 


1892  Mt.  Hamilton  M.T. 

* 

No. 
Oomp. 

la    . 

-* 

/8 

#'s 
a 

ippareul 

3 

- 

for  a 

PA 

for  i     1 

Mar.    20    13   24     1  '• 

21    12  58   17 

13     8  22 

1 
1 
1 

12  ,  1 
3 

-1 

°28'.17 

—3'    18.7 
+  fi     21.0 

1. 
22 

55™  12.*84 

f-59  33 

1    +59  43 

28  9 

8.5 

n9.737 
n9.695 

0.881 

1   1 

36.88 

23 

1    17.91 

Mean   /'/<><■>    fo 

■   1892.0  of  Com jiarition- Star. 

* 

a 

lied    to 
app.  place 

5 

Bed    to 
app.  place 

Authority 

1 

22'  57"  1  LIS 

*  — :i.Vl  ) 
1-3.12  1 

1  59  36  59.0 

{=!i1] 

Jlrneger's  /.inn-. 

Comet  about  il"...  mag.     I'  diameter.     Indefinite,  brightening  near  middle. 
Mt.  Hamilton,  1892  March  22. 


NEW    ASTEROIDS. 

The  three  following  are  announced  by  telegraph  : 

Wolf,  March   18.4048  Greenw.  M.T.     «  =  11"     6'"  40'.6        8  =  +4C  44'  19", 

Palisa,  19.3900  13"  27'"     it"  +9°  55'     9", 

Daily  motion,  — G4"  in  a  and  :*>'  southward. 
Charlois,    March  22.519  Greenw.  M.T.         «  —  12"    11"    13'.S        8  =  —7°  15'  26", 
Daily  motion,  —  60s  in  a  and  5' northward. 


12"  iihotogr. 
11" 


These  would,  in  their  natural  sequence,  be  nos.  326,  327 
and  328  :   Palisa's  of  Feb.  25  being  no.  325  (see  p.  136). 

Mr.  Berberich,  however,  has  found,  after  more  precise 
computation,  thai  the  Vienna  observation  of  Jan.  20  (p. 112) 
was  uol  of  \\  Oil 's  asteroid  of  Nov.  28,  but  of  no.  30,  Urania. 

Prof.  Kkiij. ii;  proposes  that,  since  there  are  uo  other 
observations  of  the  photographically  determined  planet  of 
Nov.  28,  no  number  be  assigned  to  it;  and  has  carried  out 
this  proposition  by  giving,  in  the  Astron.  Nachrichten,  the 
number  324  to  Palisa's  of  Feb.  25. 


Any  permanent  discordance  in  the  notation  would  be 
lamentable,  and  yel  ii  seems  highly  improbable  that  Wolv's 
photographic  discovery  should  not  soon  be  confirmed.  The 
question  thus  arises  whether  a  single  observation,  photo- 
graphic or  visual,  if  not  promptly  confirmed,  shall  be 
regarded  as  a  discovery,  and  entitle  the  planet  to  its  cor- 
responding number.  For  the  present,  no  numerical  notation 
is  here  employed,  in  the  hope  that  some  decision  may  soon 
be  reached  on  this  point. 


('ON  T  E  N  'I'  S. 
The  Orbit  oi    Hyperion,  by  Mr.  W.  s.   Eichelbebgee. 
( '.mi'  i  a   1892    sw  ii-"r). 

Observations  of  Comet  a  1892,  by  Prof.  E.  Frisby. 

Observations  of  Comets,  by  Prof.  V.  P.  Leavenworth  and  Mr.  W.   II.  Collins. 
Obsi  i:\  itions  of  Comet  a  1892,  by  Mr.  O.  C.   Wendell. 
Filar  Micrometer  Observations  of  Comet  a  1892,  bv  Prof.  E.  E.  Barnard. 
Observations  of  the  Comet  a  1892;  by  Prof.  Milton  Updegraff. 

Ring  Micrometer  Observations  of  Comei  a  1892,  by  Prof.  .1.  K.  Reus  and  Mr.  Harold  Jacoby. 
Orbit   vnd  Ephemeris  of  Comet  a  1892,  by  Rev.  (J.  M.  Searle. 
Comet  6  1892  .  Wisxecke's). 
Comet  c  1892     Di  SNING 

Filar-Micrometer  Observations  of  Comet  c  1892    Denning),  by  Prof.  E.  E.  Barnard. 
New  Asteroids. 


tsss  of  Tuos.  P.  Nichols,  Lynn,  Mass. 
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PROVISION  A  L    RESULTS 


OF    A    DETB 
ABERR 


RMINATION 

ATKiX, 

By  GEORGE  I  .  i  OMSTOCK. 


OF    THK   CONSTANT   OF 


The  observations  which  are  discussed  provisionally  in 
the  present  paper  were  made  with  the  six-inch  Ci  akk  equa- 
torial telescope  of  the  Washburn  Observatory,  during  the 
years  1890-91.  In  accordance  with  the  original  programme 
the  observations  should  have  been  broughl  to  a  close  in  1891, 
Inn.  the  weather  during  the  spring  of  that  year  having  been 
very  nn fax  oi  able  to  astronomical  observation,  1  have  thought 
it  advisable  to  prolong  the  series  through  the  present  spring, 
in  order  to  obtain  a  symmetrical  distribution  of  observations 
throughout  the  year.  In  the  mean  time,  in  older  to  ascer- 
tain the  quality  and  probable  outcome  of  the  work.  I  have 
made  a  discussion  of  the  data  already  available  without  re- 
sorting to  ill. isc  niceties  of  computation  which  will  find 
their  appropriate  place  in  a  definitive  discussion,  and  have 
obtained  the  following  results,  which,  although  properly 
designated  provisional,  may  in-  considered  as  representing 
tin1  definitive  results  within  mix-  narrow  limits. 

Tin-  method  adopted  for  the  investigation  of  the  aber- 
ration is  a  modified  form  of  that  proposed  bj  Mr.  LoEwr, 
which  is  now  so  familiar  thai  I  shall  not  here  attempt  any 
description,  either  of  apparatus  or  the  details  of  observation, 
further  than  is  necessary  for  an  understanding  of  those 
mailers  in  respeel  of  which  I  have  not  followed  Mr.  Loi  «  x  - 
methods.  The  essential  feature  of  the  method  devised  bj 
Mr.  I.oi.wy  i-  the  introduction  of  reflecting  surfaces  in  front 
of  the  objective   of   a    telescope,  by    means   of   which    images 

of  different  portions  of  the  heavens  are  simultaneously  pro- 
duced in  the  focal  plane  of  the  objective.  By  means  of  a 
micrometer,  the  apparent  distance  between  the  images  of 
two  stars  thus  produced  maybe  measured,  and  the  angular 
distance  between  the  siais  determined  from  a  simple  relation 
involviug  the  measured  quantity  ami  the  angle  iucluded  by 
the  reflecting  surfaces.  It  is  obvious  that  great  difficulties 
would  attend  the  determination  of  this  angle;  ami  Mr. 
I. in  « v  avoids  these  difficulties  by  measuring  the  distances 
of  two  pairs  of  siais  ami  taking  the  difference  of  these  dis- 

tances,  thus   eliminating    the  angle  between    the    mirrors    and 

obtaining  as  the  absolute  term  of  his  equations  the  difference 


between  two  measured  distances.  It  has  seemed  to  me 
advantageous  to  place  before  the  objective  thi 

surfaces  instead  of  two,  making  approximately  equal  angles 
among  themselves,  and  to  employ  successively  each  pair  of 
surfaces  in  measuriug  the  distance  between  two 

If  the  norma]-  to  these  surfaces  all  lie   in   the   plane   | 
through  the  two  stars  and  the  earth,  the   mean   of  the   three 
diedral  angles  formed   by  the   surfaces  will  be   exactly  120c  ; 
and.   by   taking  the    mean   of   the   results   furnished    by   the 
three  pairs  of  surfaces,  tin  distance  between  a  pair  ol 

may  he  determined  independently  of  the  angle-  between    the 
mirrors.      In  practice  there   is  always   required   a   small  cor- 
rection-term, depending  upon  the  squares  of  the  en 
adjustment  of  the  mirrors.  Imt  in  thi 

vatious  this  collection,  which  I  represent  by  ZT,  has  never 
amounted    to   0".i;.      Since   the    error   of  adjustment    of   the 
mirrors  admits  of  determination  within  a  fraction  of  ;i  minute 
of  are.  the  quantity  K  is  always  known  within 0 
This  substitution  of  three  mirrors  in  place  of  two  has  deter- 

mi 1  the  whole  subsequent  course  of  the  observations,  and 

is    the    primary  source  of  difference   between  the   methods 

which   I   have  adopted  and  those  of  Mr.    LOKWY. 

If  we  represent  by  d  the  distance  between  the  imag 
the  stars  as  measured  with  the  micrometer,  by  A  the  Bu<*le 

subtended  at  the  earth  by  the   stars,  and   by  /•'   the  >:': 
refraction   in   changing   the   true   A   into  an   apparent   A  .  we 
shall  have  the  following  relation  among  the  quanl 

A  =   120°  +  R 

an  equation  which  is  fundamental  to  this;,  .   arch. 

I  he  first  term  of  the  second  member  of  thiseqnation  in 
the  implicit  assumption  of  a  considerable  ibility 

in  the  adjustment  of  the  minors ;  since,  if  a  change  in  their 

relative    position    occurs   during    the 

tion,  the  mean  of  the  angles  will  not  in  genera!  be   120        1 
wish,  however,  to  emphasise  the  statements  that  the  adjust- 
ments of  the   mirrors   have,   throughout   the   who 
observations,  exhibited  a  high  degree  ol  stahilitv,  and  that 
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tbe  observations  have  in  general  been  bo  arranged  that  any 
uniformly  progressive  change  in  the  adjustments  of  the  mir- 
rors »ill  be  eliminated  from  the  result  of  eacb  observation. 
The  sole  condition  in  regard  to  stability  which  the  mirrors 
are  required  to  fulfil  is  that,  during  an  interval  of  time  whose 
average  duration  isaboul  twenty  minutes,  any  changes  which 
occur  in  their  relative  position  shall  be  proportional  to  the 
i  ime. 

The  appearance  of  the  term  in  I!  indicates  th:it  there- 
fraction  will  play  an  important  part  in  this  investigation, 
and  in  this  respect  the  methods  of  Mr.  Loewi  possess  a 
certain  advantage  over  those  which  I  have  adopted,  since 
all  but  a  very  minute  part  of  the  refraction  is  eliminated 
1 1 each  of  his  individual  results.  Its  retention  in  my  ob- 
servations has  imposed  a  considerable  additional  burden  in 
the  reductiou  of  the  work,  but  h;is  enabled  me  to  make  a 
special  investigation  of  the  refraction  without,  I  think,  ap- 
preciably affecting  the  precision  of  the  aberration-results. 

The  values  of  the  refraction,  with  which  the  observations 
have  been  reduced,  are  those  furnished  by  the  Pulkowa 
tahles.  Tin'  temperature  determinations,  which  serve  as 
one  of  the  arguments  of  the  table,  were  made  by  whirling  a 
thermometer  iu  the  open  air  just,  outside  the  lightwooden 
building  which  shelters  the  telescope.  A  thermometer  thus 
exposed  is  subject  to  at  least  two  serious  sources  of  error: 
radiation  of  heat  from  the  person  of  the  observer  to  the 
thermometer,  and  radiation  from  the  thermometer  to  the  sky  ; 
and  it  will  readily  be  seeu  that  not  only  do  these  causes 
produce  effects  of  opposite  sign,  but  that  their  relative  effi- 
ciencies  vary  in  opposite  directions  as  the  temperature 
changes,  the  former  cause  having  its  maximum  effects,  and 
the  latter  its  minimum,  at  extreme  low  temperatures.  It  is 
therefore  a  priori  probable  that  the  temperatures  with  which 
the  retractions  were  computed  are  affected  with  systematic 
errors  depending  upou  the  temperature  itself,  in  such  a 
manner  that  the  indications  of  the  thermometer  are  relative- 
ly too  high  at  low  temperatures  and  too  low  at  high  tem- 
peratures. 

To  coutrol  this,  aud  other  possible  sources  of  error,  I  con- 
ducted, simultaneously  with  my  observations,  a  secoud 
series  of  temperature-determinations  by  means  of  thermom- 
eters inclosed  iu  a  wooden  case  placed  near  the  objective  of 
the  telescope.  A  fau,  driveu  by  clockwork,  exhausted  the 
air  from  this  case  aud  produced  a  steady  influx  of  external 
air  through  channels  placed  just  opposite  the  bulbs  of  the 
thermometers.  The  thermometers  were  read  through  a  plate 
gl:  ss  window  in  one  side  of  the  ease  which  completely  pro- 
tected them  from  radiation  from  the  observer.  1  am  far  from 
maintaiuiug  that  the  second  system  of  temperature-deter- 
minations is  free  from  systematic  error,  but  it  appears  that 
such  errors,  if  present,  must  be  nearly  constant,  since  the 
chief  sources  of  variable  error  have  been  effectually  elimi- 
nated. 

To  determine  the  relation  betweeu  the  two  systems  of  tem- 


pcraturc-delerinination  thus  outlined,  I  have  formed  mean 
results  of  all  the  comparisons  made  between  arbitrarily 
chosen  limits  of  temperature,  and  bave  thus  derived  the  num- 
bers in  the  column   I' —  IT.  ventilated — whirled  thermometer, 

of    the    following    table    in    which    h    denotes    the    nher    ol 

COmpar'lSODS  and  r   the   corresponding   mean   temperature   ill 

deei  ees  C. 


Limits. 

ii 

r 

r-ir 

0    i 

t  28 

+  20 

18 

+  21° 

f  0.1  1 

+  0.04 

•20 

15 

29 

17..'. 

—  .08 

—  .09 

15 

10 

37 

12..". 

—  .10 

—  .03 

10 

+  5 

is 

7.5 

—  .06 

+   .08 

+   5 

0 

46 

+     -J..". 

—  .19 

+   .03 

(t 

—  5 

17 

—  2.5 

—  .21 

+    .08 

—  5 

—  lit 

19 

—  12..". 

—0.58 

—o.ll 

The  presence  of  a  real  systematic  difference  between  V 
aud  W cannot  well  be  doubted,  and  I  have  adopted  as  its 

expression 

V—  W  =  c{t-6) 
c  =   +0°.015    ±0°.003         6  =    +17°   ±3° 

The  numbers  in  the  column  O — C  represent  the  comparison 

of  this  formula  with  the  data  from  which  it  is  constructed. 
This  correction  has  not  been  employed  in  computing  the  re- 
fractious,  but  is  taken  into  account  in  a  manner  to  be  subse- 
quently explained.  The  division-correctious  of  all  of  the 
thermometers  employed  wen-  determined  by  comparison 
with  a  standard  thermometer,  whose  errors  were  determined, 
through  the  courtesy  of  tbe  Chief  Signal  Officer,  U.S.A.,  in 
the  Signal  Office  at  Washington. 

Before  proceeding  to  a  discussion  of  results  furnished  by 
the  star-observations,  it  will  lie  well  to  consider  briefly  the 
measure  of  precision  of  the  observations  themselves.  A 
cursory  examination  of  the  instrument  and  of  the  theory  of 
the  observations  may  easily  produce  an  unfavorable  impres- 
sion, since  the  possible  sources  of  error  are  conspicuous,  and 
the  means  of  avoiding  or  eliminating  their  effect  by  no  means 
so  obvious.  Au  account  of  the  precautions  which  have 
been  taken  against  these  sources  of  error  would  require 
much  more  space  than  can  here  be  given  to  it,  aud  I  must 
content  myself  with  indicating  that  constant  errors  in  the 
observations  will  have  no  effect  upon  the  resulting  value  of 
the  aberration,  ami  that  a  measure  of  the  effect  of  errors,  not 
constant,  is  furnished  by  the  probable  error  of  a  single  obser- 
vation. The  term  single  observation,  as  here  employed, 
designates  the  value  of  the  angular  distance  between  two 
stars  which  is  furnished  by  the  measures  of  a  single  night. 
A  single  observation,  as  thus  defined,  usually  requires  from 
fifteen  to  thirty  minutes  of  time,  and  is  always  made  at  the 
epoch  when  the  stars  composing  a  pair  are  at  approximately 
equal  zenith-distances. 


N°-261. 


THE     ASTRONOMICAL     JOURNAL. 


1' 


From  :i  discussion  of  the  residuals  furnished  by  146  such 
observations,  made  upon  live  pairs  of  stars  al  zenith-dis- 
tances ranging  from  ti2°  to  74°,  I  find  that  within  these 
limits  the  probable  error  of  a  single  observation  is  very  ap- 
proximately represented  by  the  empirical  formula 

r,  =  ±  \  0.22  +  0.0075(2-60°)  I 

(  i 

There  is  no  residual,  among  the  146,  so  great  as  1".0.  The 
degree  of  precision  represented  by  this  value  of  r  will  be- 
come apparent  when  it  is  considered  that,  aiming  the  numer- 
ous sources  of  accidental  error,  whose  combined  effect  is 
here  represented,  are  included  errors  in  the  temperature-de- 
terminations upon  which  the  computed  refractions  depend. 
The  probable  error  of  the  refraction  arising  from  this  source 
was  found  by  Gvi.den  (Obs.  Poulc,  Vol.  V,pp.  (23),(24)  to 
be  0".001;"j2  for  each  second  of  refraction.  The  average 
value  of  the  refraction  affecting  these  observations  is  R  = 
195",  from  which   it  appears   that  this   source   alone   should 

contribute  to  »-,.  a  component  exceeding  the  total  val £  /•, 

furnished  by  the  observations.  Since  a  considerable  part 
of  the  value  of  i\  must  be  due  to  other  sources  than  the  re- 
fraction, it  appears  that  there  is  a  gross  discordance  between 
the  measures  of  uncertainty  attributed  to  the  computed 
refractions  by  the  Pulkowa  and  Madison  observations,  and 
the  cause  of  this  difference  is  not  far  to  seek.  The  refrac- 
tion is  a  function  of  the  angle  between  the  ray  of  light  in 
question  and  the  normal  to  the  lowest  stratum  of  homoge- 
neous air.  In  the  use  of  the  tables  this  normal  is  assumed  to 
coincide  with  the  vertical,  an  assumption  which  must  fre- 
quently be  in  error  to  a  very  appreciable  degree.  This  tilting 
Of  the  strata  will  have  no  effect  upon  the  apparent  distance 
between  two  stars  but,  may  seriously  affect  measured  zenith- 
distances,    and    it   was    from    a    discussion    of    the    latter   (hat 

Gyi.d£n's  value  above  given  was  derived.  A  considerable 
pari  of  the  uncertainty  of  the  refraction  in  zenith-distance 
must  therefore  be  attributed  to  the  tilting  of  the  strata 
of  air  rather  than  to  errors  in  the  data  from  which  the  re- 
fraction is  computed,  a  circumstance  which  tends  to  - 
I is.li  the  superiority  of  those  methods  of  investigating  i!h 
refraction  which  arc  not  affected  liy  a  displacement  of  the 
strata. 

There  are  at  present  available  for  discussiou  aboul  v"" 
observations  of  33  pairs  of  stars,  aboul  200  of  which  were 
made  by  Mr.  A.  S.  Flint  and  the  remainder  by  myself.  A 
comparison  of  these  results  furnishes,  as  the  systematic 
difference  between  the  observers,  the  value 

C.—F.  —  — 0".02  ±0".08 
indicating  no  sensible  difference.  There  is  however  a 
marked  difference  in  tin'  precision  of  the  observations,  and 
I  have  therefore  not  included  Mr.  FLINT'S  observations  in 
this  provisional  discussion.  I  have  also  admitted  a  consid- 
erable number  of  my  own  observations,  in  which  the  aberra- 
tion-coefficients are  either  very  small  or  bo  nearly  constant 


that  they  were  considered  unsuitable  for  my  preBl 
In  the  discussion  Of  the  remaining   rlata    I    have   sought   first 
to  eliminate  the  effect  of  the  error  in  the-   temperature-deter- 
minations  above    noted,    and   such  other  errors  depending 
upon  the  temperature  as  may  affect  the  observations.     I  i 
this  purpose  I  have  compared  observations  of  the  same  pair 
of  stars  made  at  approximately  the  same  season  of  the  year, 
but  at  widely  different  temperatures.     The  form  of  obs 
tion  equation  adopted  for  this  purpose  is 


At 


A,    +  •  T'/    +    TO, 


where  r  denotes  the  observed  temperature,  d  the  measured 
micrometer  distance  between  the  images  in  the  t 
the  value  of  a  revolution  of  the  screw.  ;/'  the  temperature 
coefficient  of  the  screw,  and  a  a  constant  to  be  determined 
in  connection  with  g1.  The  unit  in  which  t  is  expressed  i> 
one  division  of  the   thermometer  of   the  si  11\ 

comparing  the  mean  results  of  observations  made  at  high 
and  low  temperatures  each  pair  of  Stars  may  be  made  to  fur- 
nish an  equation  of  the  type 


At' 


I-       = 


where 


x  = 


101 


and   '/ 


30 


30a 


.'/ 


The  weights  of  these  sex  cral  equal  ioi is  were  detenu  in, 

the  expression 


V  — 


n'  +  n" 


when'  ft1  and  n"  represent  the  number  of  nights  upon  which 
the  given  pair  of  stars  was  observ  ed  at  the  higher  and  lower 
temperatures  r1  and  t". 

The  amount  of  available  data  is  greatly  diminished  by  the 
condition  that  the  observations  to  be  compared  shall  not  be 
separated   by  any   considerable    interval   of  time,  but    it    has 
seemed  to  me  necessary  to  impose  this  condition  on  account 
of  possible  error  in  the  adopted  aberration  con-tan:  (Strovi  i 
and  possible  differences  in  the  amount  of  the  refraction  at 
different  seasons.     The   following  groups  of  normal  equa- 
tions   from   the   Spring  and    Autumn   observing   are  d 
respectively    from    six    pairs   of  stars,  b  ving   tit 
weight  of  -.'.o.  and  fifteen   pairs  with  an  i 
2.2. 


Spring  Normals. 


Autumn  Normals 


:  +0.90     213.48 
=  +2.01         9.1  i 


,c  +   0.121b/ =  +0.035 
y  =  ■<!  0.184 


x  +    O.OI.'W  —  - 

!v=  - 


The  difference  in  the  values  of    the    unknowns   derived    from 

the  Spring  and  Autumn  observing  is  not  gn  iter  than  the 
uncertainty  of  the  determinations  themselves,  and    I  have 
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therefore  included  all  of  the  data  in  n  sin( 
nishing  the  following  results: 


discussion,  i'iii- 


,,•  =  +0.00037   ±0. 116 

'a  =  +0.0035      ±0,0013 


x  =  +0.037     wt.  =  235 
i/  =    (  0.105     wt.  =      10 

The  quantity  a  is  al  leasl  partially  due  to  the  error  in  the 
temperature-determinations  above  considered,  and  ii  alBO 
includes  the  effect  of  whatever  error  may  becoutained  in  the 
coefficients  of  expansion  of  air  adopted  in  the  construction 
of  the  factoi  j  of  the  refraction  tables.  If  r0  represent  the 
refraction  al  the  normal  temperature  of  the  tables,  '.t°.3  C, 
m  the  adopted  coefficienl  of  expansion  of  air,  and  /j  the 
concluded  distance  between  a  pair  of  stars  measured  at  the 
temperature  m,  we  may  readily  derive  the  relation 

I / 

—  =  2a  =  ?•„  {(hn  +  cm) 
r2— T] 

whnc  dm  represents  the  correction  to  the  adopted  value  of 
hi.  Introducing  the  values  above  derived  for  a  and  c  and 
putting  '"0  =  195",  a  mean  value,  we  obtain 

dm  =  —0.000019 

i.e.,  the  quantity  a  is  completely  accounted  for  by  the  known 
errors  of  the  temperature  determinations  together  with  a 
small  correction  to  the  coefficient  of  expansion  of  air  adopted 
in  the  construction  of  the  Pulkowa  Refraction  Tables.  This 
value  m  =  0.003689  was  derived  from  a  discussion  of  ob- 
servations made  with  the  Pulkowa  vertical  circle  (  Obs.  Polllc. 
Vol.  V.),  and  it  is  worthy  of  note  that  tin'  collection  dm 
here  determined  furnished  a  value 

m  =  0.003670  ±   16 

in  exact  agreement  with  Regnaui.t's  classical  determination. 
While  t  hi'-  agreement  is  in  part  accidental,  I  am  nevertheless 
inclined  to  regard  it  as  furnishing  a  confirmation  of  the  cor- 
rections derived  for  the  indications  of  the  whirled  thermom- 
eter, since  without  the  application  of  these  corrections  a 
value  of  m  equal  to  0.003725  would  have  been  obtained,  and 
there  can  lie  no  doubt  that  this  result  is  very  considerably 
in  error. 

I  have  applied  to  all  of  the  measured  distances  corrections 
based  upon  the  values  of  g'  and  a  thus  obtained,  and  these 
corrected  values  of  A  are  the  data  available  for  a  determi- 
nation of  the  aberration.  To  derive  a  value  of  this  constant, 
1  have  united  into  a  single  mean  the  results  of  all  of  those 
observations  of  a  pair  of  stars  in  which  the  constant  of 
aberration  appears  multiplied  by  a  positive  coefficient,  and 
1  'ive  formed  a  similar  mean  corresponding  to  negative 
coefficients.  The  average  value  of  the  mean  coefficient  is 
1.5.  If  it  were  permissible  to- assume  that  observations 
made  at  different  seasons  of  the  year  were  directly  compar- 
able a  value  of  the  constant  of  aberration,  which  I  shall  rep- 
resent by  ft,  might  be  derived  from  the  observations  of  each 
pair  of  stars  through  the  relation 

A'  (/a— /,)  ==   A- A, 


where  f  denotes  tic  aberration-coefficient  and  the  subscripts 
relate  to  Spring  and  Autumn  observations,  lint  since  there 
are  both  theoretical  and  empirical  realms  for  supposing  that 

the  a nut  of  the  refraction  may  vary  with  the  BeoSOUS  in   a 

manner  not  entirely  represented  by  the  tables.  I  have  in* 
eluded  in  the  determination  of  the  aberration  an  investiga- 
tion of  this  possible  sout ce  of  error. 

Whatever  may  be  tie  errors  of  the  tabular  refractions,  r0, 
we  may  assume  without  sensible  error  that  the  tine  refrac- 
tion, r,  is  represented  by  an  expression  of  the  form 

r  =  r,  d-t  y)  (1  t-s) 

where  y  is  a  constant  and  a;  is  a  function  of  the  time  having 
a  period  of  a  year.  Since  we  are  now  concerned  only  with 
variations  of  the  refraction,  the  constant  /',,  (1+y)  may  be 
replaced  by  r„  which  does  not  differ  sensibly  from  r0,  and 

we  may  put 

x  =  ssin(r  •  860°+£)  —  ssin(*  I  S 

where  -  is  the  fraction  of  a  year  corresponding  to  any  date. 
Denoting  by  II;  a  correction  to  the  assumed  value  of  k 
derived  on  the  assumption  that  .'■  =  (».  by  a  the  correction 

to   be   obtained  when   .<•   is    properly  taken   into  ace it    and 

putting 

/•„  x  cos  .V  =  a  »•„  s  sin  .S  =  (J 

the  resulting  form  of  observation  equation  becomes 

Ik 


,    sill'''  — sin-''  ,    cos''', — cos.'/. 

z  +  -„ ; "  + 


f—f.  f—f, 

From   465  observations  of   A.  1    have   derived   25   equations 
of  this  type  and  have  assigned  them  weights  bv  the  formula 


P  = 


f—f, 


n'+n" 


where  n'  and  n"  are  the  number  of  observations  correspond- 
ing to /a  and  f,.  The  weighted  equations  I  have  combined 
into  the  following  normals  by  a  process  of  summation  in 
such  a  manner  as  to  obtain   maximum  coefficients  for  the 

several  unknown  quantities: 

88.8  z  +     4.13  a—  7.86/3  =   +3.37 

14.6^  +  39.57  «  —  30.29/3  =  —2.59 

9.4a  +  32.61  a  —32.63/3  =  —2.83 

It  is  obvious  that  these  equations  will  not  furnish  a  good 
determination  of  a  and  (3,  and  1  therefore  introduce  in  place 
of  them  new  unknowns  determined  bv  the  relations 


and  obtain  after  dividing  by  the  coefficient  of  z 

z  — 0.042m  +0.135  »i  =  +0.0379 
z  +  0.636m  +4.785»  =  —0.177;") 
3  — 0.002?h    +6. 940w  =—0.3010 

These  are  sufficient    to  determine  )t  and  z  and  show  that   m 
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will  have  but  a  trifling  effect  upon  Solving  for  all 

three  quantities  I  obtain 

2  =    hO". 04.57.  to  =   +0".0252.  n  =  — O".O50O. 

If  values  of .?  and  S  are  derived  fr m  and  n  we  sliall  find 

as  the  effect  upon  the  refract  inn 

r  =  /•„  +0".088in(T.  860°  + 
i.e.,  the  refraction  is  a  maximum  near  the  time  of  the  winter 
soUtiee  and  a  minimum  uear  the  summer  solstice.  Although 
the  constants  in  this  expression  are  not  well  determined, 
the  equations  strongly  indicate  a  real  variation  in  the  amount 
of  the  refraction,  whose  amplitude  and  epoch  they  are  unable 
to  determine  because  by  far  the  larger  part  of  the  observa- 
tions were  made  in  the  Spring  and  Autumn  months,  and  can 
give  but  little  information  in  regard  to  the  refraction  at 
other  seasons. 

In  order  to  obtain  a  measure  of  the  precision  with  which 
;  is  determined  I  have  computed  the  values  of  the  several 
terms  in  a  and  0  and  have  applied  them  as  corrections  to 
the  dka,  thus  obtaining  the  following  values  of  z : 


Sta 

■- 

Weight 

/'< 

19   Monoc. 

1.6 

+  ( 

.in 

I    Cei»\ 

1  /.• 

2.3 

+ 

.11.-, 

32  Eridani, 

95  Leonis 

1.5 

— 

.09 

10  Tauri, 

/.ranis 

1.5 

+ 

.18 

fi  Tauri, 

C       \'l: 

1..". 

+ 

.08 

«*  Orionis, 

A     I  :::]■      S 

2 .  •-' 

+ 

.18 

o  Orionis. 

DM.  4-2°,2664 

1.2 

— 

.11 

9  Canis  Mdj. 

.    Iloolis 

4.2 

+ 

08 

s    Tauri. 

-   Corvi 

.1"! 

119    Tauri, 

a   Virginia 

6.0 

+ 

.1    1 

19   Monoc., 

1  in    Virginia 

3.6 

+ 

-'12 

y   Gem  in.. 

1119    Virginia 

5.7 

+ 

/i   Virginia, 

s  Peg 

4.2 

— 

.11.", 

37   Librae. 

7ii  Pegasi 

3.4 

— 

.1^ 

ri  Librae. 

V     I'isriiim 

1.5 

— 

,nl 

110    Virgin  is. 

.-;  Piscium 

3.0 

+ 

..".II 

3  Serpentis, 

c  Aquarii 

6.5 

+ 

.05 

d  Ophiuchi, 

«  Ceti 

5.7 

+ 

.2.', 

B.A.C.  5903. 

I,   Piacium 

l.'.i 

— 

J|| 

LI.  32200. 

DM.— 1 

1.1 

+ 

.21 

i   Goronae. 

A1  Aquarii 

2.:: 

+ 

.11 

.'.II    Scuti, 

■■    Celi 

+ 

.05 

;/  Aquilae, 

a   Ceti 

1.3 

— 

.19 

i   Aquilae, 

f  Tauri 

6.1 

+ 

.us 

i  Aquilae, 

in    To 

2.9 

— 

The  value  of  /,•  with  which  the  aberrations  were  computed 
was  20".445l  aecif  =  20".448,  whence  the  provisional  value 
of  the  constant  from  the  present  series  of  observations  is 

A-  =  2o".|;n   ±  0 
the  probable  error  being  derived  from  the  individual  values 
of  2  given  above. 

The  correction  to  the  absolute  amount  of  the  tabular  re- 
fractions, represented  above  by  the  factor  l+y,  may  be 
investigated  by  comparing  the  measured  distance  between 

any  pair  of  stars  with    the    c putcd    distance    furnished    by 

theii    right-ascensions  and  declinations,  aud  by  taking  the 
mean  result  from  a  considerable  number  of  pairs  the  errors 

in    the   star     places    will    be    nearly    eliminated.       I    have    not 


however   made  tin-       i      ■■    in,    but    have   contented    myself 
for  the  present  with   results  derived    from   other   ami 
data  furnished  by  the  observation-.      If  tl  Bap- 

posed  situated  in  the   equator,  each    distant    120°    from    each 
of  the  others,  the   sum  of    the   measured 

I  pairs  of  stars  will  furnish  the  relation 

/'  +  ../"  +  ./'"  =  ;;  (120  I  A'  i 

/.'  -  l;  -  l;  ■  —  360' 
If  the  stars  are  not  situated  in  the  equator,  the  sum  of  the 
distances  between  them  will  differ  I  tantity 

depending  upon  their  declination-  and    if   these   declin 
are  small   this   collection   may  be   determined   with   extreme 
precision   from    values  of   the    declinations   which    are    only 
fairly  well  known.      The  principle  of  the  method  is.  in 
that  the  refraction  must  be  so  determined  that  the  mi 
circumference  of  the  heavens  shall  equal  360  . 

I  have  included  in  my  observing  programme  sis  such  trip- 
lets   of    stars,    all    of    which    are    included    within    the    / 

between  A  =  +4     and  8  =  — 6°.      From  modern  eat 
of  precision  I  have  derived   pi  have 

compared  the  distances  between  tin-  -tars  which  are  furnished 
by  these  places  with  the  corresponding  measured  distances. 
instead  of  projecting  these  latter  upon  tin-  equatoi 
apparent  that  the  right-ascensions  are  perfectly  eliminated 

by  this  process,  and  that  errors  in  the   declinations    produce 

3  which  involve  sin  3  as  a  factor.  The  following  table 
exhibits  the  measured  and  computed  distances  of  tie  several 
pairs  of  stars  together  with  the  sum  of  tl  of  the 

computed  over  the  observed  distauces  for  each  triplet.      The 
weigh'-  -  mis  are  derived  from  the  formula 

p-1  =  »r'  +  »r'  - 

where  u  is  the  number  of  observations  of  a  ^iven  pair. 


Stars 

Computed  A 

& 

2 

16   Aquarii 

120 

- 

<  >  ionis 

119 

58    H.45 

I".".-, 

I'M.    -2  ,2664 

1 19 

51   29.59 

- 

lit. 

5.",    22.21 

19.92 

19   Afonocerotis 

12" 

.".  51.35 

• 

110    1'. 

11'.' 

59      1.47 

- 

/  Piacium 

11'.' 

55      1.10 

1.1'.' 

2",   Ht/drae 

11'.' 

54    12.69 

11.13 

hiuclii 

12" 

'.'  23.43 

DM.  — 0°,258 

11'.' 

55   17.87 

i   // 

I2H 

It    15.14 

- 

/      32200 

12" 

-    • 

u    < 

111' 

- 

V    ' 

119 

.V.'      2.17 

'j  Aq\ 

11'.' 

.v.,    13.57 

in   T 

12" 

"  51.57 

>■  1  ■ 

IK' 

tl 

i  Aq\ 

12" 

2    I  s .  1 1 

48.22 
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Tbe  names  of  the  stars  arc  tO  be  taken  cyclically  ill  pairs. 
ThUB  tlic  distance  in  the  first  line  of  the  table  is  that  from 
I  6  Aquarii  to  o  Orionis,  etc. 

By  a  succession  of  accidents   the    measures  of   aCeti- 

/■    /.i  inns  have  1 n  rendered  quite  uncertain  ;  and.  although 

the  result  from  the  triplet  is  in  fairly  good  agreement  with 
that  from  the  other  stars,  I  prefer  to  reject  it  until  additional 
observations  Of  this  pair  are  secured.  The  several  quanti- 
ties 2  {('.  —  (),)  represent  the  amounts  by  which  the  circum- 
ference of  the  heavens  exceeds  the  sum  of  the  measured 
distance--  and  each  triplet  indicates  that  the  tabular  refrac- 
tion should  be  increased.  The  weighted  mean  of  the  several 
results  is  -f  l".  us  and  since  the  mean  value  of  the  refraction 
for  all  of  the  pairs  of  stars  is  R  =  197". 6  we  have  in  the 
customan  notation 


3  /.'    1  + 


la 


log        I    t 


ttt 


—  3  R„  +  1".18 
=  0.00087 


i.e.  the  refractions  of  the  Pulkowa  tables  will  represent  this 
series  of  observations  if  87  units  be  added  to  the  logarithm 
of  /jl.  It  is  to  be  noted  however  that  in  the  computation  of 
the  refractions  with  which  the  observations  were  reduced 
the  tabular  value  of  log/u  was  diminished  by  64  units  to  take 
into  account  the  difference  in  the  force  of  gravity  at  Pulkowa 
and  Madison, 

1—0.0025'.)  cos  2v 


log 


9.99936 


1—0.00251)  cos  iV„ 
and  if  this  correction  is  omitted,  as  is  usually  done,  the  re- 
Washburn  Observatory,  1892  March. 


maining  part  of  the  correction,  23  units  of  the  fifth  decimal 
place,  is  a  quantity  of  the  same  order  of  magnitude  with  the 
probable  errors  of  the  determination  of  /•■  The  probable 
error  of  log  fi.  from  the  l'ulkowa  determination  is  ±28  units, 
and  from  the  above  results   ±17  units. 

I  know  no  theoretical  reason  for  omitting  the  gravity- 
correction,  and  if  it  is  applied  the  computed  refraction'-  will 
require  a  further  correction  of  very  sensible  magnitude. 
This   correction    may  be   eipiallv  well   represented   as  due   to 

error  in  the  tables  or  to  :i  c stant  error  in   the   temperature 

determinations.  The  indications  of  the  whirled  thermometer 
have  been  shown  to  require  a  correction  depending  upon  the 

temperature,  and.  if  to  this  term  a  constant  be  added  making 
the  complete  correction 

Jt  =  — 0°.5C  +  n  .ill.",  (r— 17")  =  +0  .015  (T— 51  '), 
the  observations  will  be  perfectly  represented  by  the  Pul- 
kowa  refractions.     If  Bkssel's  refraction  is  employed  the 
corresponding  expression  will  be 

It  =   +0°.01o  (7  +  4°) 
but  the  ;■  factor  of  Bessel'e  table  requires  considerable  cor- 
rection. 

Further  progress  toward  a  knowledge  of  the  absolute 
amount  of  the  refraction  can  be  made  only  through  an  in- 
vestigation of  the  constant  errors  affecting  the  temperature 
determinations. 

I  must  here  acknowledge  my  indebtedness  to  the  Tri 
of  the  Watson  Fund  of  the  National  Academy  of  Science-  for 
pecuniary  aid  extended  to  this  investigation. 


MINIMA    OF    Y 


FCygni. 


CYGNI  AND   i 

13v  PAUL  S. 


My  observations  of  YCygni,  obtained  during  the  season 
of    1891,  afford  thirteen  minima.     With    the    exception  of 

I,  all  were  deduced   from   the  single  light-curves;   in   the 

case  of  the  minimum  occurring  on  August  20,  the  actual 
minimum  was  nol  observed,  the  star  being  hidden  by  clouds  ; 
enough  observations,  however,  were  made  during  the  increase 
and  decrease,  to  yield  a  fair  determination  of  the  minimum, 
by  the  application  of  a  mean  light-curve. 

/.'  <  )bserved  Time 


TAURI.      OBSERVED    IX    L891. 

YENDELL. 

The  residuals.  0 — C,  in  the  subjoined  table,  are  those 
obtained  by  comparison  with  Chandler's  latest  catalogue- 
elements;  those  in  the  column  s  are  the  departures  from 
the  mean,  iudicated  by  the  use  of  the  sine-term  proposed  by 
me  iu  Vol.  X  of  this  Journal,  p.  132,  and  are  given  for  the 
purpose  of  comparison  with  the  residuals  derived  from  the 
actually  observed  time-. 


0 


1145 

1891    Aug. 

20 

14 

44.4 

1163 

Sept. 

16 

13 

15 

1  165 

11) 

12 

56 

iit;;i 

25 

12 

46 

1 1 83 

Ocl 

16 

10 

33 

L189 

25 

l(i 

28 

1191 

28 

10 

32 

1195 

Nov 

3 

10 

16 

1197 

6 

10 

20 

1205 

18 

10 

32.5 

1211 

27 

9 

21.0 

1213 

30 

9 

14.0 

1215 

Dec 

3 

9 

10.0 

Local  M.T. 


+  1.36 

—  30.1 

+  103 

3 

+  4.6 

—  50.3 

+ 

94.6 

4 

+  4.5 

—  64.0 

+ 

92.0 

5 

+  1.2 

—  63.5 

+ 

89.3 

1 

+  2.8 

—  160.1 

+ 

78.8 

4 

+  2.1 

—  149.6 

+ 

73.5 

g 

+  1.8 

—  140.5 

+ 

71.7 

5 

+  1.5 

—  146.0 

+ 

68.2 

5 

+  1.1 

—  137.0 

+ 

66.3 

5 

±0.0 

—104.5 

+ 

58.7 

2 

—0.9 

—  160.2 

+ 

52.8 

4 

—  1.2 

—162.1 

+ 

50.7 

4 

—1.5 

—161.0 

+ 

48.7 

4 
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Two  minima  observed  by  Dun£r,  and  published  by  him 
in  the  Astronomisclie  Nachrichten,  No.  3054,  show,  bj  com- 
parison with  the  same  elements,  a  mean  residual  of  +138m.9 
for  the  mean  Epoch  1135;  from  this  Epoch  until  1183,  a 
rapid  decrease  of  period  occurs,  the  mean  period  foi  this 
interval  being  ld  1  I1'  51m  4".  showing'  a  mean  shortening  of 
6'"  14".  My  own  observations  from  Epoch  1163  to  1183 
alone,  indicate  a  mean  period  of  l'1  11''  51™  48%  the  average 
shortening  indicated  being  ;V"  30s. 

From  Epoch  1183  to  1215,  the  mean  period  is  l'1  ll1'  57° 
16". 3,  being  only  Is. 7  shorter  than  that  of  the  elements  used 
in  the  comparisons. 

A  glance  at  the  columns  O — C  and  s  at  once  disposes  of 
the  elements  embodying  the  latter  term,  and  after  many  at- 

Dorchester,  Mass.,  1892  March  19. 


tempts,  I  fail  to  find  any  formula  which  will  account  for  the 
observed  departures  from  the  mean  indicated  by  Chandler's 
Elements. 

/.  Tauri. 
Four  fairly  determined  minima  of  i  Tauri  were  obi 
by  me  from  the  series  observable  in  the  evening  during  1 1 
ber  1891,  and  the  observed  tim  a  below  ;  the  Jan- 

uary 1892  group  was  entirely  shut  out  by  cloudy  weather. 
to  my  great  regret.     The  observed  minims 

1891  Oct.17,  10  281ocalM.T.  I  Full  moon  abl  l"  40m  p  star 

21,  10  22  "  1  Moon  bright 

25,  10   10  "  4 

29,    8  59  •■  3 


8   PERSE  I, 

By  A.   SAFARIK. 


This  star  lias  been  under  my  scrutiny  almost  without  in- 
terruption since  1879  ;  and  in  No.  3011  of  the  Astronomisclie 
Nachrichten  I  have  given  provisional  dates  of  the  only  live 
maxima,  which  occurred  from  1880  to  1889,  the  last  of  them 
1889  Dec.  4.  The  longest  interval  was  952  days,  the  shortest 
•SI  I  days,  and  the  mean  884  days. 

From  these  data  no  maximum  was  to  be  expected  before 
1892  Feb.  25.  On  the  17th  of  April,  1891,  the  star  was 
=  9M.2  and  slowly  brightening.  After  that  day.  owing  to 
extensive  repairs  in  my  house.  1  could  not  look  at  the  star 
sooner  than  July  6,  when  to  my  astonishment  I  found  it 
nearly  in  full  light,  =  7M.7,  and  in  that  brightness,  with  very 
small  fluctuations,  the  star  continues  to  shine  until  to-day 
(1892  March  12),  i.e.  for  full  eight  months.  1  regret  that 
I  could  not  observe  the  transition  from  9". 2  to  7". 7.  ami  see 
whether  it  was  gradual  or  sudden.  It  must  have  been 
accomplished  in  less  than  two  and  a  hall'  months,  whilse  in 
1882  ;lml  1889  the  same  I  ransition  occupied  fully  four  months. 
To  show  the  re rkable  coustaucv  of  the  light  of  the  star 


in    its  present   phase    I  subjoin   the  monthly    means  of   my 
observations  since  July,  1891  : 

1891 


1892 


ft  is  a  new  illustration  to  tin  emp  ;al  rule:  the  longer 
the  period,  the  less  regular  the  variation  of  light,  a  rule. 
which  distinctly  points  to  a  specific  difference  between  long- 
period  and  short-period  variaU,  -  ll  would  be  of  much  in- 
terest to  have  the  spectrum  of  the  star  accurately  examined. 
In  March  1887,  two  months  before  maximum,  Mr.  Espim 
found  a  handed  spectrum  of  third  type. 

/'  agut  .  1892  March  1  I. 


July 

8  days 

38. 1 

Steps 

August 

3 

38.0 

September 

8 

37.2 

October 

6 

::■'..! 

=  8".0 

November 

6 

38.1 

December 
January 

3 

1 

38.5 
38.5 

Seal 

•  of  DM 

Februarv 

1 

38.9 

March 

3 

.  '■ . 

OBSERVATIONS  OF   COMETal892    swifd, 

HADE  AT  TUB   U.S.    Mill     0BSBRVATO1C1     WITH  THB  9.6-INCH    EQUATORIAL, 

By  Prof.  E.  FRISB1 
[Communicated  bj   the  Superintendent.] 

la        | 


* 

No 

1 

1 

19  ,  1 

•2 

19  ,   1 

1 

19  .   1 

;, 

10  .  2 

6 

,0,2 

./S 


*s  apparent 


1  i  23.49 

+2  21.80 

+  1  15.54 

f  1  32.84 

j  i  53.63 

+  1  38.28 


-ii  34.1 
— o  20.1 


+  7 
+9 
+  1 


I  l.l 
12.7 
51.1 
26.8 


20  86  22.38 

jj.:::' 
2o  36  22.88 

20  :><;  •_■:.>>■_> 
■JO  10  Is.;,; 
•jo    |o    18.92 


10  27 

10  j; 

10  27 

—  10  26 

■.'  j  i 

9  24 


1.1 

;..o 

1.1 

59.6 

.;  I .  I 


log 

for, i 


/•A 


- 

n9.606 


0.779 


1 68 
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Mi  on   Places  for  1892.0  of  Comparison- Stars. 

* 

a 

Red.  i"                       c- 
app.  place                  ° 

Red.  to 

app.  place 

Authority 

1 

2 
8 

1 

5 
6 

20  88*  .".:U* 
20  34      1.72 
20  34   38.01 
20  34   51.11 
20  38  25.76 
•mi  38    11.32 

—0.63         —Mi  26    L6.7 
— 0.63         —10  26  34.6 
—0.63          —10  34   35.0 
—0.63         —10  36     2.1 
—0.63     i     —  9  26    1  I.I 
-0.63     1     —  9  21  57.1 

ii   10.8 

—  10.3 

—  10.2 

—  10.2 

—  10.5 
—0  10.5 

Lamonl  S334 
Lamonl  338 1 
Schjellerup  8200 
Weisse's  Bessel,  XX.  836 
Schjellerup  8252 
Weisse's  Bessel,  XX.  941 

A    NEW    NEBULA, 


x  r.i    E.   B.   BARN  \i:i» 

[n  observing  Denning's  comet  on  March  21,  I  discovered 
n  vn  v  small  indefinite  nebula  in  the  field  with  it  ami  s.pr. 
This  nebula  is  about  12*.  i!  is  about  V  in  diameter,  and 
lias  a  very  small  ami  very  stellar  nucleus  of  the  12th  mag- 
nitude. It  was  observed  with  the  comet,  using  tile  same 
comparison  star.     It,  is  not  in  Dreyer's  N.G.C. 


Neb.  —  * 


The  resulting 


la  =    +3   25.77    (6  obs.) 

/e  =   +2     3.4     (3  obs.  i 
lace  of  i  he  nebula  is 


1892.0     a  —       23     0  39.92 
,\  —   +59   39     2.4 


NEW    ASTEROIDS. 


Two  more  small  planets  have  been  photographically  discovered  by  Dr.  Wolf,  at  Heidelberg: 
12",    1892  Mar.  26.4111  Or.  M.T.     «  =  12*   13m  59M,     6=  + 1 J  37'  0".      Daily  motion,  — 18'  in  a,  and  1-1'  northward 
13",    1892  Mar.  28.446    Or.  M.T.     a  =  11*  22m  44s,        8  =  +6°     9'  Daily  motion,  — 52*  in  a,  and     1' northward 


The  asteroid  no.  310  (CHARLOIS,  1891   May  16),  has  received  the  name  Margt 


COMETS   OF   THE    YEAR    L891. 

The  dates  are  in  Greenwich  Mean  Time,  and  the  Elements  only  approximate. 


Desig- 

Perihelion 

Q, 

(O 

i 

3 

<f> 

Discoverer 

Date 

Syno- 

nation 

nym 

I 

April    L'7. .V_> 

193  56 

178  48 

120  31 

0.3975 

Barnard 

March  29 

a 

11 

Sept.     •'». -16 

206  22 

172   49 

25   15 

1 .5924 

33  51 

Spitaler 

May        1 

b 

Periodic  of  Wo 

f 

111 

Oct.      17.98 

334  41 

183  57 

12  55 

0.3405 

57  50 

Barnard 

Aug.       2 

c 

Encke's 

IV 

Nov.     12.91 

217  39 

2i;s  33 

77    13 

0.9769 

Barnard 

Oct.        3 

e 

V 

Nov.     17.34 

296  31 

106  43 

5  23 

1.0866 

40  45 

Barnard 

Sept.     27 

d 

Periodic  ;   Ten) 

>el-Swift 

5,  line  l 

7.  name  Of  ( 'omel . 

for 

1 69 1  V 

put 

1889V 

96,  col. 

,  line  12, 

1826 

" 

1828 

125,  ••     : 

.    "     17. 

" 

p.  41 

p.  114 

136,  '•     1 

.  lines  9,  15, 

" 

30  869 

" 

I'll  M'.'.l 

CORRIGENDA    IN    VOL.  XI. 

Page  140,  col.  2.  line  18, 
"       144.  line  11, 

156,  COl.  2,  line  21. 


.i  .::>  i     r„t     ii  .(.CM 
},  1892        •'     «1892 
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ON     THE     PARALLAX    OF 


ZH.ERCULI&    FROM    OBSERVATIONS 
DEMBOWSKI, 

By    K.    P.    LEAVENWORTH. 


MADK     1JV 


Dbmbowski's  Double-Star  Observations,  Vol.  II.  contain 
sixty-eight  observations  of  this  double  star,  spread  over  :i 
period  of  sixteen  years.  Having  made  a  series  of  measures 
ou  the  same  star,  and  obtained  a  parallax  of  +0".05,  I 
thought  it  worth  while  to  reduce  his  observations  for  paral- 
lax. 

All  the  observations  were  used  and  given  equal  weight. 
They  were  corrected  for  proper  motion,  differential  refrac- 

FlItM    » titoi  p. 


tion,  precession,  and  aberration.     The  assumed  value  of  the 

proper  motion,     da  =  — 0".080 ;       IS  =  was 

first  changed  to  position-angle  and  distance. 

On   account    of    the  great   period   of   time  over   which   the 
series  extends,  they  were  divided  into  two  groups  ami  solved 
separately.      The  firs!  group  was  reduced  to  the  year  I  - 
and  the  second   to  1875.0.      The   observations  with    the  cor- 
rections ari'  given  in  the  following  table. 


Date 

I. oeal 

P 

Proper 

Prec.  and 

Proper 

A  heir,   ami 

• 

- 

Sid.  Time 

Motiou 

liefr. 

.Mulion 

V 

a 

1862.735 

ll            Ml 

19     :; 

179.8 

- 

— 0.02 

20.  in 

- 

l-o.;;,; 

- 

62.74'', 

19    1" 

179.2 

0.58 

0.02 

20.60 

0-542 

o.oo.-, 

20.063 

62.7fi;i 

19     ii 

179.2 

ii. .-,7 

0.02 

20.64 

17'.'.  7.', 

20.107 

62. 7*1 

l!l    19 

179.4 

0.57 

0.02 

20.50 

0.535 

o.oi'.-, 

179.95 

63.226 

1.".   2  7 

178.9 

0.49 

0.01 

20.61 

0.462 

17:'..",s 

i 

63.294 

18    13 

179.'.) 

0.48 

0.02 

20.4  1 

0.449 

0.007 

180.36 

- 

63.4.," 

18  ■-'-' 

17'.'.'.' 

".  I.', 

0.02 

20.45 

O.I21 

• 

63.011 

1.",     10 

179.1 

0.1  1 

o.oi 

20.44 

o.ii.-, 

179.53 

63.7U.-, 

18  -Jo 

179.2 

".11 

0.02 

20.32 

• 

o.oo;, 

17:'.:,:' 

19.942 

65. :.".» 7 

16     :; 

17'.'.*', 

0.13 

O.OII 

- 

0.116 

17:".  7:; 

2H.271 

65.338 

l  :i     :, 

17'.'.:' 

(1.12 

—  11.01 

20.16 

".1"'.' 

0.007 

180.01 

65.420 

l  :<     2 

17'.'.."! 

II. 1" 

O.oo 

19.94 

o.oo,; 

179.60 

19.849 

65. 134 

15    15 

179.6 

0.00 

20.24 

17.'..;:' 

20.151 

65.483 

18  :;i 

17:'.'.' 

0.09 

o   111 

2".2  7 

". 1 

65.533 

15  31 

179.6 

0.09 

20.16 

o.oo:, 

20.087 

65.612 

is  22 

179.1 

o.oT 

0.00 

20.19 

0.064 

o.oo;, 

17:'.  17 

20.121 

<',.',.  732 

is  25 

179.8 

+  ii.o.". 

o.oo 

19.90 

—0.045 

o.oo.-, 

19.860 

66.431 

15   17 

—II. IIS 

20.09 

4-0.071 

17:'.  7;: 

20.107 

''.f,.489 

18  23 

180.0 

0.09 

O.OII 

20.03 

0.081 

0. 1 

17:'  91 

20.117 

66.538 

1.")    .".(1 

180.3 

11.00 

20.13 

180.21 

lid. 628 

18    18 

180.3 

0.11 

O.OII 

0.105 

o.oo:, 

180.19 

67.409 

15    2(1 

180.0 

0.26 

19.88 

0.234 

o.oo.; 

17:'. 7.", 

20.120 

67.513 

I.",     10 

180. 1 

0.28 

O.OI 

19.82 

0.251 

o.oo/, 

180.13 

67.576 

18    2/, 

180.  I 

0.29 

"."1 

• 

68.335 

is    |6 

180.9 

0.43 

o.oi 

19.61 

180.48 

68.464 

15    12 

ISO.   | 

".  1.", 

19  -7 

17:'. .'7 

68.527 

15    2  2 

17:'.  s 

n.  n; 

0.02 

19.68 

o.l -.'" 

68.653 

18    19 

isii. 7 

0.49 

O.OI 

19.54 

0.440 

180.22 

69.478 

1 :,   11 

180.9 

0.64 

0.03 

19.45 

0.7.77 

- 

69.519 

15  32 

180.2 

0.65 

0.02 

19.47 

0.584 

17:'. :.7 

69.554 

Is     1  f 

180.6 

ii.,;:, 

19.63 

o..-.;'" 

69.637 

18  20 

180.6 

0.68 

0.02 

19.33 

70.253 

15  52 

181.  2 

19.43 

ISO.  1| 

70.437 

15     7 

181.1 

o.s.; 

0.08 

19. 15 

- 

20.192 

70.508 

18  54 

181.1 

0.84 

0.02 

19.22 

- 

1870.617 

18  17 

lso. 7 

_o.s,; 

19  10 

■ 

20.171 
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Second  <  Srodp. 


Date 

Local 

P 

Proper 

Prcc.  and 

, 

Propei 

Ibei  i    and 

1-7  .  0 

Bid.  Time 

Motion 

Refi 

Mi n 

i:.  iv. 

P 

1 

1871.275 

l.-.-.'s" 

181.8 

t  0.75 

—0.02 

19.28 

0.613 

+  0.HO7 

182.53 

18.624 

71.494 

1  I    18 

181.8 

0.70 

o.oi 

19.15 

0.577 

O.oo.-, 

182.49 

18.578 

71.535 

18  24 

181.6 

0.70 

0.02 

19.11 

0.570 

0.005 

182.28 

L8.545 

71 .675 

18  44 

180  9 

0.68 

0.02 

L9.00 

0.546 

0.005 

181.56 

18. 159 

72.281 

15  38 

182.0 

0.55 

(i.ol 

19.15 

ii.  I  16 

0.007 

182.54 

18.711 

72.489 

15  25 

180.9 

0.51 

0.01 

19.26 

0.413 

0.006 

181.40 

18.853 

72.560 

18  38 

181.5 

0.50 

0.02 

18.86 

0  loi 

0.005 

181.99 

18.464 

72.667 

18  -J  7 

181.1 

0.49 

0.03 

19.06 

0.383 

0.005 

181.58 

• 

73.229 

1  1   58 

182.  I 

0.35 

0.00 

18.85 

0.290 

0.007 

182.75 

18.567 

73.489 

15  22 

180.7 

0.31 

0.00 

18.78 

0.248 

o.ooi; 

LSI. 01 

18.538 

73.636 

18  26 

181.4 

0.28 

—0.01 

18.84 

0.225 

0.005 

181.67 

18.620 

73.667- 

18  46 

182.0 

0.27 

—  O.OI 

18.81 

0.219 

0.005 

182.26 

18.596 

74.497 

15  21 

181.6 

0.10 

0.00 

18.67 
18.63 

0.082 

0.005 

181.70 

18.593 

74.516 

15   15 

181.3 

0.10 

O.00 

0.081 

0.005 

181.40 

18.554 

74.634 

18  55 

181.7 

0.06 

'•0.00 

18.72 

0.061 

0.005 

181.76 

18.664 

74.678 

19     .". 

181.8 

I  0.06 

0.00 

18.89 

—0.055 

0.005 

181.86 

18.840 

75.441 

18  58 

181.9 

—0.09 

0.00 

18.55 

fo.071 

0.006 

181.81 

18^627 

75.4  11 

11  33 

181.5 

0.09 

+  0.01 

18.39 

0.071 

0.006 

181.42 

18.467 

75.509 

15    15 

181.5 

0.10 

+  0.01 

18.51 

0.088 

0.005 

181.41 

18.598 

75.671 

18  53 

182.5 

0.12 

0.00 

18.60 

0.109 

0.005 

182.38 

is. 71  1 

76.24  I 

15  23 

1 8 1 . 7 

0.26 

+  0.01 

18.26 

0.205 

O.007 

181.45 

18.472 

76.  193 

15  38 

182.0 

0.31 

0.02 

18.18 

0.245 

0.005 

181.71 

18.430 

76.613 

18   07 

182.1 

0.33 

0.01 

18.49 

0.264 

o.oo;, 

181.78 

18.759 

76.679 

IS  50 

182.2 

0.35 

0.01 

18.43 

0.275 

o.oo.-, 

181.86 

is. 710 

77.27,7 

15  30 

182.6 

0.48 

0.02 

18.15 

0.368 

O.O07 

182.1  1 

18.525 

7  7.1:;:', 

15   17 

182.2 

0.52 

0.02 

18.21 

0.397 

0.006 

L81.70 

18.613 

77.643 

19     6 

182.5 

0.56 

0.02 

18.16 

0.432 

0.005 

181.96 

18. a'.)7 

77.7  1  ."> 

19  25 

182.  1 

0.58 

0.02 

18.45 

0.448 

0.005 

181.54 

18.903 

78.274 

15  37 

182.4 

0.70 

0.03 

18.12 

0.535 

0.007 

181.73 

is.  662 

78.468 

15     2 

182.9 

0.74 

0.03 

18.03 

0.566 

0.006 

182.19 

18.602 

78.602 

19  23 

183.3 

0.77 

0.02 

18.22 

0.588 

0.005 

182.55 

18.813 

1878.709 

1.s    17 

182.2 

—  0.79 

+  0.02 

is. in; 

I  0.606 

+  0.005 

181.44 

18.671 

The  equations  of  condition  were  put  in  the  form 
x  +  b  y  +  c77  —  n  =  0 
where  x  is  the  error  of  the  assumed  value  of  the  posit  ion- 
augle  or  distance  ;  by  the  effect  of  the  error  of  the  assumed 

proper  motion  ;   ill  the  effect  of  parallax  ;   and    n    the  meas- 

Fikst   (  .  ROUP 


ured  angle  or  distance,   minus  the  assumed. 
angle  and  distance  were  assumed  to  be 


The  position- 


1866.0 
187.7. 0 


179.93 

181.87 


•20.071 
18.627 


Angle 

1 

His  uni'i; 

No. 

Equation 

Residual 

Equation 

Residual 

1 

x  —  3. 265?/ 

—  0.97071—0.154  =  0 

—0.218 

x  —  3.265 1 

—  0.10872  +  0.212  =  0 

+  0.134 

2 

3. 254 

—  0.951      +0.061 

—  0.003 

3.254 

—  0.1.7S         +0.008 

—0.075 

:', 

3.231 

—  0.901      +0.065 

+  0.00-2 

3.231 

—  0.256     —o.o:1,!; 

—0.133 

1 

3. 21 6 

_0.851      —0.007 

—0.067 

3.21G 

—  0.326      +  0.101 

—0.005 

5 

•J.  771 

+  0.964      +o.l'J7 

+  0.186 

2.774 

+  0.112     —  0.084 

—0.131 

6 

2.706 

t-  0.787       -  0.154 

—0.170 

2.706 

f  0.411       -  0.07.", 

+  0.063 

7 

2.550 

—  0.0.71      —0.143 

—  0.17G 

2.550 

+  0.77,7      +  0.037 

+  0.072 

8 

2.490 

—  o.lio      +  0.1  13 

+  0.101 

2.490 

+  o.717      +  0.041 

+  0.071 

9 

2.295 

—  0.999      +  0.121 

+0.067 

2.2117, 

+  0.032      4   0.129 

+0.072 

10 

0.703 

+  0.769      +  0.1170 

+  0.07H 

o.7o;; 

r-  0.  132      —0.200 

—0.202 

11 

0.662 

+  0.586     —  0. 028 

—0.024 

0.GG2 

+  0.7,71       +  0.013 

+  0.029 

12 

0.580 

+  0.123      +0.116 

+  0.110 

O.7,S0 

+  0.741      +  0.222 

+  0.259 

13 

0.566 

+  0.036      +0.084 

+  0.076 

0.566 

h  0.752      —  O.oso 

—0.042 

14 

0.517 

—  0.264      —0.018 

—O.o:;:' 

0.7,17 

+  0.714      —0.118 

—0.080 

15 

0.467 

—  0.541       +O.0SI 

+  0.063 

0.467 

+  0.669     —0.116 

—0.087 

16 

x  —  0.388?/ 

—  0.87377+  0.267  =  0 

+  0.239 

x  —  0.3880  +  0.4257/  — 0.050  =  0 

—0.052 

N"  262. 
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Anglk 


1.1-1  l\.  I 


28 
29 
30 
31 
32 
33 
34 
.;;, 
36 


Equation 


Residual 


Equation 


—  0.268#  — 0 
+  0.431      +  (J 

0.  189 

0.538 

0.628 

1.409 

1.513 

1.576 

■2  :i.",.". 

2.464 

•J..".-'7 

2.653 

3.478 

3.519 

3.55  I 

:;.t;:;7 

4.253 
1.437 

4  508 


'.'71//    \ 


_o. 

—  0 

—  (i. 
•    0. 

—  0. 

—  0. 
+  0. 

—  0. 

—  0. 

—  0. 

—  0. 

—  0. 

—  0. 

—  0. 
+  0. 
+  0. 

—  0 


.,•  +  4.<;i7//  —  o 


054  + 

I".'.-,  + 

568  — 

9 1 9  — 

188  4 

137  — 

746  — 

590  — 

161  — 

523  - 

9  7:;  - 
•2-1-1  — 
1 7:t  + 
658  — 
943  — 
910  — 

010  — 
.417 

46H//  + 


0.028 
0.070 
0.070 
0.098 
0.091 
0.062 
ii.  069 
0.066 
0.189 
0.01  1 
0.196 
0.100 
0.123 
0.123 
ii. ol  I 
0.003 
0.173 
0.126 
0.119 


=  0 


=  0 


•  0.074 
+  0.066 
—0.108 

—0.108 

—0.064 

—0.149 

+0.211 
-0.093 
—0.089 
J  0.151 

+  11.010 

—0.102 

—0.077 
+0.062 


131     +  0. 

0.538 
0.628 
1.409 
1.513 
1.576 
2.33a 
2.464 
2.527 
2.653 
3.478 
3.519 
M. 7.7,4 
3.637 
4.  i';.;; 

4.4.'.7 

I.. '.o> 


+  0. 
+  0. 

•  II. 
+  o. 

+  0. 

+  o. 

+  0. 

+  0. 

+  o. 

+  0. 

+  (i. 

+  0. 
+  0, 

+  (I 

+  o 
+  0 


x  +  4.617//  +  o 


1'-//  - 

738  — 

77:;  _ 

656  — 

360  + 

7  ■_'•.!  — 

705  + 

536  + 

071  + 

7."..",  — 

674  — 

243  + 
7  If. 

690  - 

606  — 

:; l :;  + 

■2i\  I  — 

7.".:!  - 

707  + 
39127— 


0.211 
0.154 

0.111 
0.049 
0.015 
0.004 
0.066 
0.213 
0.034 
0.086 
- 
0.012 
0.154 
0.131 
0.071 
0.121 

0.100 


=  0 


Secokd  Group. 


Angle 

1 

1  » I ~  1    \N.    1 

No. 

Equation 

Residua) 

Equation 

-   lual 

1 

x  —  3.72oy  *   0.84513 

—  0.229  =  0 

—0.138 

X —  :'..7'J.'.  • 

+  0.358/1    3  =  0 

— ". 

•> 

3.506     —0.338 

—  0.205 

—0. 1  7 1 

3.506 

+  0.727 

+  0.049 

—  o 

3 

3.465    —0.564 

—  0.138 

—0.1  17. 

3.465 

+  o,    - 

+  0.O17 

4 

3.325 

+   0.101 

+  0.10I 

3.325 

1    o.l  11 

168 

+  0.185 

5 

•2.719     +0.817 

0.224 

—0.1  12 

2.719 

+  0.392 

—  0.084 

—o.l":; 

i; 

2.5H     —0.321 

+  0.157 

+0.181 

2.711 

•   0.730 

—  0.226 

— o    . 

7 

2.440    —0.658 

—  O.Olo 

—0.032 

•J.  Ilo 

+  0.604 

1,;:; 

+0.113 

8 

J.:;:;3     —  0 

+  0.O97 

+0.085 

-.:;:;:; 

+  o.i,;;, 

—  0.055 

—0.03  1 

9 

1.771     +  I'.'.'."..'. 

-  0.292 

—0.213 

1.771 

1  0.168 

060 

+0.08 

lo 

l.ol  1     —0.299 

+  0.284 

+0.300 

1.7.11 

+  0.780 

+  0.089 

■      026 

U 

L.364         0.949 

+  0.066 

0  049 

1.864 

+  0.007 

"11 

12 

I.:;:;:;    -     0.994 

—  0.129 

—  O.l  |s 

1.383 

+  0.168 

' '.',  1 

IS 

0.503    —0.367 

+  0.056 

+  0.061 

0.508 

1   0.718 

■:'.| 

1.018 

14 

0.484     —0.475 

+  0.17.1 

+0.151 

ii. i-i 

+  0.07:; 

lo 

ii..;.,.; 

+  0.036 

+  0.039 

■ 

—  o.o:;7 

16 

0.322    —DJI94 

+  O.i' 

+  0.(l|s 

—  0.822 

+  0.112 

-  0.213 

—  0 

17 

4  o.  hi        o. oi: 

+  0.020 

♦  -o  0 

+  0.441 

0.000 

—0.049 

l.s 

0.441     —0.047 

'    o.l  16 

+0.156 

0.441 

+  0.160 

•      111 

19 

0.509    —0.444 

+  0.149 

•  0.139 

4   0.696 

+  0.029 

—O.ol  2 

'.'(I 

0.671          0.998 

—  0.1. V.i 

—  0.197 

0.671 

+  0.136 

—  0 

— o 

21 

1.244     +  0.923 

•   o.l:;;, 

+  0 

1  .  -J  i  I 

-   0.245 

+  0.17.7. 

192 

22 

1.193    —0.350 

+  0.052 

+  0.o:;; 

1.498 

•   0.720 

197 

158 

23 

1.613       -0.902 

+  0.029 

—o.ol  1 

1.618 

+  0.872 

182 

l  12 

24 

1.679    —  1.007 

+  0.008 

—o  oi;, 

1.679 

—  o 

— o 

25 

•2.  ■27. 7     +  0.895 

086 

—0.049 

2.27.7 

- 

102 

- 

26 

2.438         0.009 

+  0.054 

1.046 

2.433 

4-  0.77.:. 

'1  1 

27 

2.643    —0.964 

—  0.0L".t 

'i 

2.648 

+  0.0 

28 

2.745    -  0.950 

i    0.105 

ol:' 

2.745 

—  0.228 

—  0.2 

—0.  I 

29 

:;.-.'7l     +  0.831 

1   0.044 

1.069 

.■:.•_' 71 

—  0.' 

—0  1 

30 

3.468         0.653 

-  o.ioi 

—0.151 

3.468 

+  0.758 

021 

31 

8.608       -0.831 

—  0.215 

277. 

- 

+  O.l-.'.'. 

—  0.186 

158 

82 

x  +  3.7ii'.''.'       0.99877    •    0  136  =■  0 

r  + 

1=0 

IT-.' 
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Prom  these  equations  of  condition  ili«'  following  normal 
equations  were  derived  : 

As. .ik.  —  FirsI  Group. 

+  36.000  X  +   18.634j/— 10.597/7+0.088  =  0 

I  18.684a  +  239.8762/  —  3.395JI— 2.778  =  0 

—  10.597..;—     8.395y  +15.587/7—0.346  =  0 

A.ngi.1  .       Second  < !  roup. 

f  32.  Odo  x  +     0.550i/— 10.345  77— 0.017  =  0 

r   0.550 as  +  169.457y  -  5.088  77+1.855  =  0 

_10.845»  —    o.083y  +17.1."»i»/7 — 0.C99  =  0 


Distance.  —  First  Group. 
+36.0002  +    18.634]/  +  16.118//  —  0. 
+  18.684a  +289.876^  +21.52477—2. 
+  16.118  x  t    2 1 .524  y  +11.1 95  //  — 0. 

I  Distance.  —  Second  '  Iroup. 
+32.000a  +     0.550t/  +13.321  //  +0 

+    0.550a  +169.457;/  —   3.176//— 1 
+  13.821*  —     3.176.1/  +    7.986//  +0 

The  solutions  of  these  equations  give 


113  =  0 
350  =  0 
591   =  0 


013  =  0 
881  =  0 
420  =  0 


N 

p 

First  Group 

Sit. HI. 1  (irolip 

First  Group 

s 
Sei .1  Group 

X 

—0.002  ±0.015 

+  O.016  ±0.019 

—0.055  ±o!o21 

+  0.066  ±0.024 

y 

+  0.012  ±0.oo.-i 

—0.010  ±0.007 

+  0.003  ±0.005     ; 

+  O.O08  ±0.006 

ii 

+  0.024  ±0.022 

+  0.048  ±0.025 

+  0.127  ±0.040 

—0.159  ±0.049 

r 

±0.077 

±0.094 

±0.072 

±0.075 

weight.  // 

12.449 

13.673 

3.223 

2.373 

1  mi .:'.  ] 

0.4295 

0.5636 

0.3739 

0.3572 

1-1 

0.4291 

0.5637 

0.3732 

0.8576 

The  disagreement  of  the  values  of  the  parallax  derived 
from  the  measures  of  distance  was  to  be  expected ac- 
count of  the  small  values  of  the  weights  in  the  normal  equa- 
tions.    Giving  each  result  its  respective  weight,  the  mean 

value  of  the  parallax  is 

//  =   +0".030  ±0".015 
agreeing  very  closely  with  my  own  result 

//  =  +0".050  ±0".01  1 


The  corrected  position-angle,  distance,  and    proper  mo- 
tion, are 


18GG.0 

1875.0 

p 

S 

la 
Id 

179. 92          181?92 
20".016        18".693 

— 0".092      —  0".o7(i 
+  0".163       +0".158 

OBSERVATIONS  OF   THE   jNEAV   STAR  IN    AURIGA, 


By  J.  G.   HAGEN.   S..T. 


Observations  of  the  new  star  were  begun  at  Georgetown 
College  Observatory  on  February  9,  and  were  continued  un- 
til the  star  disappeared  in  the  5-inch  equatorial.  Though 
the  star  was  \  isihle  to  the  naked  eye  for  a  month,  opera 
glasses  were  used  from  the  begiuning  because  of  the  strong 
moonlight  then  prevailing. 

It  will  be  noticed  that  in  the  two  means  on  the  right  side 
the  last  two  stars  of  9.5  mag  (DM.)  have  been  discarded, 
for  well  known  reasons. 

If  no  difference  were  made  between  the  observations  by 
opera  glass  and  those  by  telescope,  the  value  of  one  step 
would  come  out  0M.050.     In  no.  239  of  this  Journal,  page 

I  77.  i  ii  v  slip-value  for  the  same  telescope  was  shown  to  be 
0M.046,  from  nearly  800  observations  in  the  years  1889  and 

II  90. 

The  last  column,  headed  M,  of  Table  I.  was  computed 
from  the  following  Table  II,  and  gives  the  reduced  magni- 
tudes as  they  result  from  the  observations.  In  order  to 
make  these  magnitudes  (M)  as  nearly  as  possible  coincident 
with  those  of  the  DM.,  the  arithmetical  means  of  the  steps 
and  the  1  >M.  magnitudes  were  taken  as  corresponding  quanti- 
ties, in  other  words,  step  20  was  equated  to  5M.97  for  the 


opera  glass  observations,  and  step  70  to  8M.54   for  the  tel- 
escopic observations. 

Table  I.     Compakison-Stars. 


<  ipEitA  Glass 

Tki.rscopk 

Comp.  Star 

Sips 

DM 

M 

I    Comp.  Stars 

Stps 

DM.      M 

DM.+33°1000 

0.0 

5.1 

5.1 

DM.  +29  923 

59.7 

7Js     7.8 

32  922 

6.0  5.5  5.:: 

29  921   66.7 

8.5     8.3 

32  1024 

6.94.85.4 

30  912  68.2 

8.5     8.4 

33  1013 

11.1  5.9  5.5 

30  913   75.2 

8.7     8.9 

30  963 

18.0  6.05.9 

30  91  1  85.4 

9.4     9.5 

30  898 

24.7  6.2J6.2 

30  920  91.7 

9.5     9.9 

29  94  7 

29.4  6.2  6.4 

30  924   95.7 

9.5    10.1 

29  899 

36.2  7.06.6 

29  911 

53.7  7.5  7.1 

1  step  =  0.043  ma;:. 

1  step  =  0.002  maf;. 

186.0 

".",".  " 

Mean  of  steps  =  — —  =  20.7 

Mean  of  steps  =      . —   =71.0 

54  2 

Mean  of  mair.  =  — —  =  fl.O 

*2.9 

Mean  of  mag.  =  —  —  =  8.6 

From  these  starting  points  Table  II  has  been   computed 
by  the  corresponding  values  of  one  step. 
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Table  II.     Corresponding  Steps  and  Magnitudes. 


(  IPHKA 

Glass 

Telescope 

Steps 

Mag. 

Steps           Mag. 

0.0 

5.1 

60.0            7.8 

5.0 

5.3 

65.0           8.2 

10.0 

0 . 0 

70.0           8.5 

15.0 

5..S 

75.D             8.9 

20.0 

6.0 

80.0            9.2 

25.0 

6.2 

85.0 

9.5 

30.0 

6.4 

PO.O 

9.8 

35.0 

6.6 

95.0 

10.1 

40.0 

6.9 

100.0           10.4 

45.0 

7.1 

50.0 

7.:; 

55.0 

7.5 

1892 

Gr.  I'- 

Ste|i- 

Mag. 

5.1 

1892 

Gr.  T. 

Steps 

Mag 

Feb.    9 

ll       in 

15     0 

8.6 

Feb.  16 

h       in 

11    19 

(22) 

(6.1) 

10 

12   15 

8.5 

5.4 

12  23 

(21) 

(6.2) 

11 

13  45      :,.:< 

5.3 

17 

11   51 

(10) 

0.0 

12 

11   50     L0.8 

5.5 

1 1  :,:> 

13.6 

5.  i 

13 

11   21     13.1 

5.7 

12  21 

1  1.1 

5.8 

11 

15    10      3.0 

5.2 

1 .".      7 

1  l.l 

5.8 

15 

11    59    21.8 

6.1 

11    2  1 

11.1 

5.8 

13   27     19.2 

6.0 

15  26 

1  l.l 

5.8 

1111     19.6 

6.0 

2  2 

11    II 

22.4 

.;.l 

16      1     23.5 

6.1 

13   12     26.0 

i;.2 

The  following  table  gi\c>  the  results  of  the  observations. 
The  latter  were  reduced  in  the  two  ways  described  by  Argi  - 
lander  {Schumacher' a. Jahrbuch,  1844,  p.  232)  and  Schon- 
feld's  (  Wiener  Sitzungsber,  Bd.  12,  p.  154),  the  arithmetical 
mean  being  taken  as  the  linal  results.  These  are  headed  by 
••  Steps."  The  last  column  headed  "  Mag."  was  computed 
by  means  of  Table  II. 

A  few  numbers  have  been  distinguished  in  parenthesis  as 
less  certain,  since  they  resl  on  only  one  comparison-star, 
while  all  the  others  rest  on  two,  the  one  slightly  brighter, 
the  other  slightly  fainter  than  the  Nova.  Some  of  these 
cases  are  owing  to  the  light  of  the  Moon,  and  two  of  them 
to  the  comparison-star  DM.  +29°  (953+954),  the  bright- 
ness of  which  was  estimated  differently  on  different  nights. 
and  which  was  consequently  rejected.  The  combined  mag- 
nitude of  the  two  components  (7M.0  and  7M.5)  would  lie 
6".o. 

Table  III.     Results  of  Observations. 


1892 

Gr.  T. 

Steps 

Ma, 

6.2 

1  892 

Gr.  1  . 

Feb.  22 

15     0     25.  G 

Mar.  10 

1.        m 

13  50 

(44) 

23 

11   35 

21.8 

6.1 

11 

15      0 

•    ■ 

1 3     2 

22.5 

6.1 

11 

13    11 

62.2 

:  ■ 

17  21 

22.3 

6.1 

16 

13    13 

Mar.  3 

ii    u;    15.3 

5.8 

19 

12     12 

13  25     15.9 

5.8 

1  I       2 

18     8     19.9 

6.0 

1  1   53 

5 

12    15    21.8 

6.1 

21 

12   4  5 

11   5  7     22.5 

6.1 

15  52 

- 

6 

1  1     5     26.8 

6.3 

28 

(116)  Xllt 

9 

13     0    (40)  (6.9) 

Strong  moonlight ;  obs.  difficult. 

Strong  moonlight;  sky  hazy. 

Moon :  sky  hazy. 

Moon. 

Strong  moonlight. 

Vtroa  invisible  in  opera  zla--. 


As  far  as  these  observations  go,  they  show  greal  fluctua- 
tions of  light  in  the  middle  of  February,  while  towards  the 
end  of  the  same  month  the  Btav  was  withdrawn  from 
vation  by  cloudy  weal  her. 

From  Manh  .".  a  sudden  and  regular  decline  of  brig 
is  shown,  until  the  star  disappeared  in  the  telescope. 

Among  the  gnat  fluctuations  during  February  two  maxi- 
ma are  evidenced,  viz.  :  on  February  1  I  ami  17. 

Changes  within  a  few  hours  are  indicated  on  Feb.  15.  17 
and  22. 

In  what  follow-  the  result-,  are  given  of  two  other  members 
of  our  observatory,   Fathers  .1.  Algui    and  J.  T.  Bedrick, 
which  confirm  the  conclusions  arrived  at  before.      Till  • 
seivatious  were  made  with  o|hi  a-glasses  ami   reduced  to  the 
DM.  scale  of  magnitude-. 


1892 

Gr.  T. 

A 

Ilk. 

1892 

A.       Ilk. 

ii     m 

tl         III 

M                     \1 

Feb.    9 

1  1 

5  3 

Fell. 

23 

12    lo 

- 

6.1 

11 

15 

5.4 

15      7 

.'..7 

-;.i 

l  l 

16 

5.2 

Mar 

:: 

12   20 

5.8 

15 

12  30 

6.0 

15      7 

5.7 

6.0 

15 

5.:< 

"i 

12    15 

17 

1 2      6 

5.1 

5 .  ."i 

13  58 

.-..1 

12   50 

5.7 

15 

13    25 

5.3 

6     1  I    lo    '••." 

6.3 

11    15 

5.6 

I  1  5:'    6.1 

6.4 

15      ll 

5.1 

16  20 

16     o 

1.9 

:i     IS  30    6.6 

22 

12     o 
12  35 

5.8 

6.1 

in     12  30    7.2 
18 

15   :',2 

6.2 

6.1 

1 1     1 .". 

Georgetown  College,  1892  April  1. 


PHOTOMETRIC  OBSERVATIONS  OF  THE    NKW    STAR    IN    AURIGA, 

liv  HENRY   M     PARKH1  RST 
1  have  observed  the  uew  -tar  on  every  evening  when  it      the  Harvard   Photometry.     For  standards    I   empli 
was  visible,  from   Feb.  6  until  its  disappearance.     In  the      -tar-,  which  had  been  compared  with  the  circumpolar  stand- 
following  table,  the  evenings  when  the  el i-  were  specially     aid-  by  57  Meridian  Photometer  observations,  requ 

troublesome,  are  indicated  by  colons.     The  scale  is  that  of     equalizations.     I  also  employed  20  additional  stars,  down  to 
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the  linni  of  visiliiliiy  with  :i  inches  aperture.  These  obser- 
vations required  II.  extinctions';  making  a  total  of  670,  in 
addition  to  the  observations  of  the  Nova.  M\  observations 
bsiug  taken  in  purs,  m',  record  shows  observations  of 

the  comparison-stars.  The  Nova  was  observed  i>n  26  even- 
ings, 52  observations,  as  indicated  bj  the  subscript  figures 
following  tlic  magnitudes.  Usually  the  Beries  for  each 
evening  included  8  comparison-stars  and  two  observations 
of  the  Nova,  making  20  extinctions.  The  IS  surplus  obser- 
vations arose  from  occasional  double  series  of  observations, 
which  more  than  counterbalanced  the  occasional  shorter 
Tin'  comparisou-stars  were  selected  as  nearly  as 
practicable  fronvstars  nearly  equal  to  the  Nova  iu  bright- 
ness, aud  equally  above  and  below.  The  fluctuations  up  to 
March  6,  especially  for  the  first  fortnight,  seem  to  be  actual 
phenomena.  So  also  the  regular  rapid  deseeul  until  the  dis- 
appi  arauce,  excepting  the  break  ou  March  20,  aud  apparently 
Brooklyn,  N.  )'..  1892  March  31. 


another  at  the  close.  There  is  a  group  of  6  stars,  from  1  ".1 
t<>  14",  very  near  anil  surrounding  the  N'n-u  ;  and  possibly 

there  may  he  a    IS".5  Mai    in  the  position  of  Hie  Nova.      The 

indeterminate  nature  (if  the  comparisons  largely  inter  *e«e, 
leaves  the  accuracy  of  the  scale  for  future  investigation. 
The  hour  of  observation  was  nol  noted;  bul  it  was  probably 
invariably  aboul  1 2h  Greenwich  Mean  rime,  until  the  last 
four  dates,  H  hen  il  was  an  hour  latei . 


1892 

1892 

IV 

- 

Feb.    6: 

5.132 

F 

•h.  22 

... .  -  ! 

M 

ir. 

16 

8.64, 

;i 

1.7*., 

•>' 

6.05 

It) 

9.98 

Id: 

5.19 

M 

ar.    3 

."..7.". 

•j  ii 

10.12, 

11 

5.38 

6 

.-..81, 

21 

10.64, 

IS 

1.86s 

7 

6  il". 

2  1 

11.81, 

1.". 

5.53.. 

:i 

6.65, 

25  : 

12.43, 

16 

5.60, 

13 

r.60 

28 

13.19 

17 

1  1 

7.82 

•_".' 

18.28, 

18 

5.43. 

15 

- .  2 1 

ON    THE    WASHINGTON    PRIME-VERTICAL   OBSERVATIONS, 

By  s.  C.  CHANDLER. 


l'.\  courtesyof  the  Superintendent,  and  Prof.  S.J.  Brown, 
of  the  Naval  Observatory,  I  have  been  afforded  access  to 
the  observations  in  the  prime-vertical,  in   1882-84.     It  is 

evident  on  the  most  cursory  examination  that  there  is  no  such 
startling  difference  as  has  been  supposed,  between  them  and 

the    corresp ling   series   of    1845-50.     I    give  below   the 

values  of  the  latitude,  referred  to  Boss's  system,  derived 
from  stars  employed  by  Prof .  Comstock  on  p.  118, —  except- 
ing B.A.C.  6365,  whose  place  is  very  uncertain,  and  of 
which  there  is  hut  one  observation  in  the  earlier  scries: 


Mai' 

O 

)S. 

Latitude 

Diff. 

\vt 

ist; 

1883 

1847 

1883 

n  Andromedat 

17 

34 

38.19 

37.88 

—0.31 

3 

n  Herculis 

7 

28 

37. 80 

37.87 

+  0.07 

2 

e  Herculis 

6 

21 

38.50 

38.22 

—0.28 

2 

H  Herculis 

.", 

19 

37.54 

39.0-1 

+  1.50 

1 

a  Lyrae 

217 

120 

37.76 

38.06 

+  0.30 

10 

In  Cygni 

7 

IS 

37.58 

38.44 

+  0.86 

2 

(.1.11, Mi 

■> 

:'.l 

37.57 

38.37 

+0.80 

1 

10  Leonis  min. 

:! 

10 

37.63 

37.97 

+  0.34 

1 

31  Leonis  min. 

5 

23 

37.89 

38.23 

+  0..-14 

1 

17H.  Can.  Ven. 

3 

14 

37.32 

38.48 

+  1.16 

1 

10  Laci 

8 

38 

37.89 

38.20 

+  0.31 

■> 

The  first   six    stars   are   in    Boss's   list.      The    places   of   the 

-   I  have  supplied,  using'  the  principal   authorities,  with 

his  systematic  correct  ions  and  weights,     Thev  are  as  follows  : 


-1875) 


(ir.l  150 

26 

;!5.73 

— 0.166U 

10   Leonis  min. 

36 

57 

4.31 

—0  025 

•".  1    Leonis  min. 

37 

20 

48.88 

— 0.100 

1  711.  Canum  Ven. 

37 

4'.' 

24.18 

—0.013 

10  Lac 

38 

24 

0.31 

—0.016 

The  mean  values  of  the  latitude   arc 


tsr: 

1883 

Dill'. 

Wt. 

1  nst  sin   stars 

37.873 

38.117 

+  0.214 

20 

Last  five  stars 

.",7.c,:in 

38.242 

+  0.544 

6 

Mean  of  all 

37.833 

38.1  1(5 

+  0.313 

26 

We  thus  have,  instead  of  a  difference  of  l''.5  according  to 
Prof.  Comstock.  one  of  only  0".;',.  a  quantity  which  i-  entire- 
ly within  the  range  of  the  uncertainty  of  the  results  and  the 
effect  of  the  periodical  variation.  The  discordance  between 
us  arises,  first,  from  an  inadvertence  of  Prof.  Comstock,  in 
assuming,  apparently.  38". 80  as  the  value  of  the  latitude1 
used  in  the  reduction  of  the  1883  series,  instead  of  3s"..".  I 
corresponding  to  the  prime- vertical  piers;  secondly,  from 
difference  in  the  proper  motions.  For  the  stars  in  question 
there  is  an  average  difference  of  about  — 0".015  ( li< >~ — 
Aiwkhs)  annually.  This  happens  to  be  somewhat  larger 
than  the  average  amount  by  which  I  think  Aitwers's  system 
is  drifting  annually  to  the  uorth  of  Boss's. 

The  above  affords  >till  another  illustration  of  the  fact 
that  ••  it  i.-.  premature  to  speculate  upon  the  secular  variation 
until  the  laws  of  the  periodical  variation  are  more  fully 
understood."  It  also  appears  that  the  presumed  secular 
variation  of  American  latitudes  must  now  rest  upon  tin- 
Madison  results  alone.  It  further  shows  how  futile  is 
the  expectation  that  the  proposed  reoccupation  of  Asian 
stations  will  contribute  information,  as  to  the  secular  varia- 
tion, which  cannot  be  far  more  economically  obtained  at 
home.  The  general  result  of  my  examination  of  this  ques- 
tion  is  that,  if  any  secular  change  exists,  it  must  he  less 
thau  a  hundredth  of  a  second  annually.  Differential  methods 
therefore  will,  for  a  very  long  while  to  come,  he  powerless 
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to  reveal  ii.  for  we  have  no  system  of  proper  motion?  suf- 
ficiently beyond  suspicion  to  enable  us  to  cope  with  so 
elusive  :i  quantity.  All  such  systems  must  necessarily  nave 
been  twisted  by  the  effect  of  the  periodical  variation  upon 
the  declinations  of  the  older  catalogues.  It  is  therefore  not 
true  as  Prof.  Comstock  maintains,  that  tin-  effect  of  errors 
in  the  proper  motions  ••  may  be  almost  indefinitely  dimin- 
ished by  increasing  the  number  of  stars  employed."    <  m  the 

Cambridge,   1892  April  9. 


contrary,  I  think  we  must  hold  to  a  view  diametrically 
opposite  to  that  which  hi'  has  advanced,  with  regard  to  the 
relative  value  of  differential  and  absolute  methods  in  d 
tng  secular  changes  of  latitude,  ami  insfe 
tin-  evidence  of  the  latter  on  this  point,  must  base  our  hopes 
in  this  regard  upon  observations  above  ami  below  the  pole, 
relying  on  differential  methods  only  for  the  periodical  varia- 
tion. 


Apr. 


COMET  a  L892     swift), 

By  Ki  v.  (..   M.   SEARLE. 
Director  of  the  Observatory  of  the  Catholic  University,   Washington,  D.C. 

The  ephemeris  of  this  comet,  published  in  number  260  of 
this  Journal,  having  soon  proved  inaccurate,  as  was  to  be  ex- 
pected from  the  middle-place  residuals.  I  thought  it  worth 
while,  as  a  fairly  good  interval  of  time  had  elapsed,  to  com- 
pute a  new  orbit  without,  any  assumption  as  to  eccentricity. 
The  materials  used  for  this,  the  best  attainable  at  the  time, 
were  a  place  for  Mar.  11  formed  from  the  mean  of  l'rof. 
Fkisuv's  observation  of  that  date  and  mine,  assigning  double 
weight  to  the  former,  another  similarly  formed  for  Mar.  21, 
and  an  observation  which  1  secured  on  Mar.  28. 

The  orbit  strictly  representing  these  places  proved  to  be 
hyperbolic,  and  is  as  follows  : 

Gr.  M.T. 


1892.0 


r 

= 

Apri 

6.61 

(.i 

= 

24 

28 

4 

Q 

— 

241 

5 

1 

i 

= 

38 

47 

log  7 

= 

0.01: 

!382 

log  - 

= 

0.00549.r) 

are    zei'O, 


lb 


The  discordances  of  the  middle 
putation  being  made  only  to  the  nearest    second  of  arc.  with 
six-place  logarithms. 

The  coordinate  equations  are  : 

a:  =  [9.923093]  rsiu(«  I  349  10  7) 
y  =  [9.999771]  /-sini,  I  257  56  18) 
z  ==  [9.739828]  r  sini  u  '  345     6  41) 


IC 

8 

1  >gA 

Br. 

10 

21 ' 

24 

19 

■     2 

42.8 

0.0367 

1.36 

1 1 

27 

55 

3 

42.7 

12 

31 

29 

A 

12.(1 

13 

35 

1 

."> 

10.6 

11 

38 

31 

6 

.0452 

1.29 

15 

11 

59 

7 

35.7 

16 

15 

26 

- 

32.2 

17 

18 

51 

9 

2  7.s 

18 

52 

11 

1(1 

22.6 

.0552 

1.21 

19 

55 

86 

11 

16.7 

'.'(» 

21 

58 

56 

12 

10.1 

21 

22 

•_> 

1  1 

13 

2.6 

22 

o 

31 

13 

54.3 

1.12 

23 

8 

46 

11 

15.1 

24 

12 

0 

15 

35.0 

25 

15 

12 

16 

21.1 

26 

18 

23 

17 

12.3 

1.0-2 

27 

21 

32 

17 

59.7 

28 

21 

■Id 

18 

16.2 

29 

2  7 

16 

19 

31.9 

30 

22 

30 

50 

•  20 

16.6 

0.0901 

The     toll, 
middle  iilac. 


win; 
wit 


rabolic  orbit,  however,  represents  the 
//.  of  a   15"  and    / .;  of  +  7"  ; 

T  =  April  6.8325  Gr.  M.T. 
55  1 


(,)  =     2  1      13 

Q,  =  210    59 

i   =     38     19 

log  q        0.011581 


13      1892.0 


Tin1  coordinate  equal  ions  for  this  arc  : 

x  =  j  D. 922380]  i  sin(u  •  349  !7  52*) 
?/  =  [9.999787]  rsin(u  I  258  7  22) 
z  =  [9.789661]  rs\n(v  t-845   23  .".7) 

These  latter  give  the  following  ephemeris  for  Greenwich 


rhe  corrections  to  this  ephemeris,  to  obtain  the  corres- 

I ling    hyperbolic  places,  are  only    — 5*  and  — 1  . 

April  Kt.  and  —19'  and  —3'.  I  for  April  30.      Bj  an 
'ion   which   1   obtained   here   this   morning   (April    1 
which  the  comparison-stars  have  beeu  only  approximately 

i.  the  correction  to  this  cphi  meris  would  - 
to  be  quite  small ;  s,>  1 1 1:» t  uo  deviation   from  a  parabola  i^ 
apparent. 

The  situation  of  the  orbit  seems  to  be  such  that  unusually 
large  changes  (especially  for  such  a  rapidly-mo\ 
can  be  made  in  the  elements,  n  ithout  materially  affecting  the 
places  from  which  they  arc  obtained. 

nucleus  of  the  comet  is  \  ery  shai  p, 

erably  n ixtended  on  the  side  away  from  the  tail  :  there 

seem  to  be  small  j.ts  in  that  direction,  particularly  on  the 

northern  side.      The  tail  -1ih»v  as  two   dist  -  ~.  th,. 

dark  space  in  the  middle  being  as  broad  as 
together. 

The  comet    appeared    to    the    naked    eye.   in    ~-- 

light,  about  as  bright  as  •<  Eq\ 
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FILAR-MICROMETER   OBSERVATIONS  OF  COMET01892    swift 

MADI     "nil    llli:    16-IN'CII    I  'Ji    ITORIA1     01     ill IDSEI.I     OBSERVATORY, 

By   II    C.   WILSON,  Assisi  vm 
Communicated  by  Prof.  \\'\i.  W.   Payni     Director. 


1892  Northfleld  M.  1 

* 

No. 
Comp. 

la 

-* 

/S 

-  apparent 
a                          8 

logpA 
fora      1     ford 

Mar.     7  17  48     5 
13   17  31    10 
15   17  37    12 
20   17  29     0 

1 
2 
3 
4 

3  .   1 

1  .   1 
in  ,  2 

in  .  in 

— 6"    3*72 

+  1    22.48 

+  0  21.71 

i)   LI. 65 

+  4     7.6 
—7  26.0 

+  4      1.1 
—  1    12.3 

l:>     3   lo'.76      -  SO  34    17.8     n9.416      0.905 

19  31    19.38      —25  26  32.6     u9.455      0.888 
pi    11      2.95      —23  34    15.1      n9.435      0.886 

20  3   16.50      —18    \<>  59.7     n9.448      0.870 

v 

M<n,i   Places  for  1892.0  of  Comparison- Stars. 

* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1          19     9   20    6 

19  30  27.67         —0.77 
19    In    H.99         —0.75 

l          -.'.1     g  28.84          —0.69 

-SO  38  ."iii.i;          —4.8         '.( Yarnall  (K)  8366+Stone  10448) 
—25   19     0.0          —6.6         KLamont+ Washington  Tr.  Z.) 

—  23  38  42.4           —7.1         Oe.Arg.  S.  15675 

—  18  39  39.0           —8.4         Oe.Arg.  S.  15946 

The  corrections  for  refraction  have  been  applied.    Tiietransits         The  comet  had  a  well-defined  nucleus,  ami  on  March  20 the  be- 
were  noted  by  eye  and  ear  March  7  and  13;  cm  the  other  dates  the      ginning  of  a  "  fan  "  was  noted  on  the  sunward  side, 
chronograph  \\  a^  used. 


THE   SPECTRUM   OF 

By  W.  W.  C 

Tliis  morning  I  obtained  an  observation  of  this  bright  i 
comet  with  the  spectroscope  of  the  36-inch  equatorial. 
L'he  spectrum  is  al  present  of  the  usual  type.  The  spec- 
trum of  the  nucleus  i>  apparently  continuous  and  visible 
from  about  C  to  G.  It  was  made  quite  broad  by  the  long 
telescope,  and  I  observed  that  it  was  more  sharply  defiued 
on  the  cast  edge  than  on  the  west  [the  slit  was  parallel  to  | 
the  equator].  Later  it  was  seen  that  the  sharp  edge  and 
the  diffuse  edge  corresponded  to  tin*  -ides  of  the  nucleus 
from  and  towards  the  tail. 

The  three  well  known  yellow,  green  and  blue  bands  were 
present,  their  intensities  being  approximately  in  the  ratio 
1:6:  •_'.  Their  lower  edges  were  quite  sharply  defined. 
When  the  slit  was  narrowed  to  0.004  inches,  the  bright  line 
on  the  lower  edge  of  the  green  band  became  exceedingly 
sharp,  and  could  be  bisected  by  the  micrometer-thread  with 
extreme  accuracy.  There  was  apparently  no  condensation 
at  the  point  where   it   crossed   the   continuous   spectrum,  ex- 

.1//.  Hamilton,  1892  April  6. 


COMET  a  1892  {swifi  . 

AMPBELL. 

cept  what  would  be  expected  from  the  .-uperposition  of  the 
two.  thus  showing  that  the  bright  line  is  characteristic  of 
the  coma  rather  than  of  the  nucleus. 

The  wave-lengths  of  the  less  refrangible  edges  of  the 
bands  were  obtained  by  comparison  with  nine  lines  in  the 
iron  and  magnesium  spark-spectra.  A  60c-prism  was  used, 
there  being  insufficient  times  before  dawn  to  change'  to  a 
higher  dispersive  power.  However,  the  distances  to  be 
measured  were  short,  especially  for  the  middle  hand,  and 
the  settings  could  be  made  very  accurately  ;  and  I  give  the 
results  to  four  and  live  places,  as  below  : 

=  472:.' 
24 


;.  —  5630 
ol 
28 

J.  =  5170.4 
A 

.'i 

a  =  5680 

/.  =  5170.4 

These  wave-lengths  are  not  corrected    for   rclativt 
of  the  earth  and  comet. 


C  ( i  N  T  E  N  T  S  . 
on  the  Parallax  ok  <5  Herculis  from  Observations  made  by  Dkmbowski,  by  Prof.  F.  P.  I.i  ivenworth. 
Obskr-\  vnoxs  of  Tin'.  Xkw  Star  i\    \i  biga,   by   Rev.  3.  <;.  Hagen,  S.J. 
Photometric  Observations  of  the  New  Star  in  Auriga,  by  Mr.  Henry  M.  Parkhurst. 
On  the  Washington  Prime-Vertical  Observations,  by  Dr.  S.  C.  Chandler. 
Comet q  1892   s»irri,  by  Kev.  G.  M.  Searle. 

Filar-Micrometer  Observations  of  Cometo  1892  (Swift),  by  Mr.  H.  C.  Wilson. 
The  Spectrum  of  Comet  a  1892  (Swift),  by  Mr.  W.  W.  Campbell. 
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DECLINATIONS  OF  36  STARS  FROM  OBSERVATIONS  WITH   PRIME-VERTICAL 
TRANSIT  OF   THE  UFITED   STATES    NAVAL   OBSERVATORY. 


C municated  by  Prof.  STIMSON   J.    BROWN,  U 

In  the  fall  of  1882  a  scries  of  observations  was  begun  on 
the  Prime-Vertical  Transit  by  Lieutenants  Ingersoll  and 
Bowman,  U.  s.  Navy,  for  the  determination  of  the  constant 
of  aberration.  Lieut.  Ingersoll  whs  succeeded  in  June, 
1883,  by  Lieut.  Hiero  Taylor.  Observations  wen-  con- 
tinued until  July,  1884  :  from  April,  however,  only  «  Lyme 
was  observed  for  parallax.  The  observations  were  partially 
reduced  by  Lieut.  Taylor,  and  a  preliminary  discussion  of 
the  correctiou  to  the  constant  of  aberration  made  from  the 
materials  afforded  by  twelve  stats.  There  have  been  so 
many  requests  for  the  observed  declinations  of  these  stars, 
for  use  in  discussing  probable  secular  and  periodical  changes 
in  latitude,  that  they  are  published,  by  courtesy  of  the 
Journal,  in  advance  of  the  official  publication  in  the  Wash- 
ington Observations. 

The  observing  list  comprises  36  stars  between  the  declina- 
tions of  36°  57'  and  ."..s"  11/ .  'With  the  exception  of  «  Lnrnr 
the  observations  were  made  at  the  periods  of  maximum 
effect  of  aberration,  so  far  as  this  could  be  accomplished 
with  the  limited  aperture  of  the  telescope. 

The  instrument  is  fully  described  in  the  Washington 
Observations  for  1862.  Having  been  out  of  use  for  fifteen 
years,  it,  required  general  cleaning  and  repairing,  which  was 
thoroughly  done  by  Mr.  W.  F.  Gardner,  instrument-maker 
of  the  Observatory.  The  instrument  was  adjusted  in 
azimuth  and  collimation  at  the  beginning  of  the  observa- 
tions in  1882,  and  remained  satisfactorily  constant,  the  only 
chances  necessary  being  as  follows: 


Dee.  19,  1882  ad  juste 

July  18,  1883 

Oct.  5,  1888 

Feb.  21,  1884 


■l.  N  end  2".0  high. 

S.eud  2".0  •■ 

S.end  I". 7  •■ 

N.elid  l".S  •• 


A  new  spirit-level,  procured  from  Wurdkmann,  proved  to 
be  a  good  cme.  The  value  of  the  level-division  was  tested 
by  several  series  of  observations  with  three  different  level- 
triers,  one  belonging  to  the  Coasf  and  Geodetic  Survey,  one 

to  Prof.  Wm.   II  IRKNESS,  and  one  procured  from    Stai  KP01  i 

for  the  Prime-Vertical  Work.     There  were  made  independent 

determinations  of  the  value   of  one   revolution   of   the   screw 


s.Xavv.  with  the  permission  of  the  Superintendent. 
of  the  one  procured  for  the  Observatory,  and  the  value  ol 
the  level  resulting  from  its  use  was  adopted,  a-  follows: 


l  div. 


I. 2  :  '  O.'OOII  (1  -1)  ' 

I        I 


With  a  few  exceptions  the  times  were  noted  from  Howard 
clock.  No.  627,  attached  to  the  south  wall  of  the  observing 
room,  ami  recorded  on  a  Bond  electric  chronograph.  The 
rate  and  error  of  the  clock  were  derived  from  chl'Onographic 
comparisons  with  the  observing  clock  of  the  East  Transit- 
instrument.  Comparisons  were  made  at  the  time  of 
vations  for  clock-correction  of  the  latter,  and  also  at  the 
time  of  observations  on  the  prime-vertical  Transit.  The  rat.- 
of  the  Howard  clock  proved  to  lie  unexpectedly  uniform. 
In  hut  few  cases  did  the  correction  to  the  elapsed  time  be- 
tween the  two  verticals  amount  to  more  than  0  ... 

The  method  of  observing  was  essentially  tic  same  as  that 
adopted  by  STR1  VK  in  his  later  work  with  the  l'ulkowa  P.\  . 
Transit,  the  l<  w  l  remaining  undisturbed  on  the  axis  during 
the  reversals  of  the  instrument.  The  telescopi  was  sel  at 
the  proper  position  of  tic  star  at  its  transit  over  the  east 
vertii  ii.  and  four  reading  vel  were  made  immedi- 

ately precediug  the  transit.  Transit  of  the  -tar  over  the 
desired  number  of  wires  being  observed,  the  telescope  was 
reversed  on  its  axis,  and  transits  over  the  same  wii 
served  in  the  second  position  of  the  instrument  Immedi- 
ately after,  four  readings  of  the  level  were  again  made.  In 
the   same    manner   the   star  was   observed   over   the    west 

vertical. 

The  formulas  employed  in  the  reductions  of  the  observa- 
tions  are   the   same   as   those   employed   I",   0 
his  Prime- Vertical  work  at   Pulkowa.     As  these  liai 
fully  given  by  Prof.    \.  Hall,  in  a  recent  number  o 
Journal,  and  the  effects  of  the  instrumental  constants  fully 
discussed  there,  further  reference  to  them  is  unneees 
The  adopted  latitude  of  the  piers  was    9  ■  The 

reductions   to   mean  place  are  computed  by  the  Besselian 
star-constants  ami  numbers,  the  latter  being  taken  fo 
observation  from  the  tables  of  the  American  Ephemeris  for 


ITS 
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the  time  of  the  Btar's  transit  over  the  meridian.  All  the  re- 
dnctione  to  observed  and  meau  place  for  the  first  twelve 
stars  of  the  li>t  were  made  and  checked  by  Lieuts.  I'.'.w  u  \n. 
I\,.i  rsoll  and  Taylor.  Of  tli<-  remaining  twenty-four,  the 
redactions  were  mini,-  by  Lieut.  Taylor.  The  remaining 
reductions  and  the  cheeking  of  Lieut.  Taylor's  work  were 
done  by  myself,  with  the  assistance  of  Mr.  Geo.  A.  Hill. 


In  thr  accompanying  tables  are  given  the  name  <>f  the 
star,  wiili  the  assumed  meau  place  for  1883.0,  the  mean 
date,  tin-  observer's  initial,  the  Dumber  of  wires  observed, 
the  computed  and  observed  appareut  place,  and  the  general 
remarks  made  in  the  original  observing  books.  No  obser- 
vations have  been  omitted,  uor  in  any  case  have  the  records 
of  tin'  observers  Itch  chauged. 


Diiir    Obsr  Thds  Computed  d     Observed  d 


/'  And fomedae. 

=  oh  so"1  r.  .7'-..       <)  -  :;;-  :.i'  51"  :'•;    «' 


11.:; 

1 

9 

i  i.:; 

1 

16.3 

I 

9 

- 

i; 

7 

i 

0 

30.7 

i 

9 

31.7 

I 

9 

2.7 

I 

o 

6.7 

i 

9 

7.7 

i 

o 

12.6 

I 

9 

i 
3 1 . 1 

B 

7 

Nov. 

T 

9 

5.4 

B 

o 

12.4 

B 

7 

11,1 

B 

9 

15.4 

T 

8 

16.4 

B 

'.' 

19.4 

B 

9 

27.4 

T 

8 

28.3 

B 

8 

30.3 

B 

8 

Dec. 
3.3 

B 

!) 

5.3 

B 

11 

6.3 

T 

8 

in..", 

B 

9 

11.3 

T 

8 

21.8 

B 

10 

2*..", 

B 

9 

29.3 

T 

10 

;;.•.' 

T 

8 

0.2 

T 

7 

22.2 

1! 

9 

26.2 

T 

9 

37  .v. 


7.1637  52 

7..",:; 
7.34 
7.31 


7.02 
6.33 
7.24 
6.71 


52 


;,1  55.83 
58.94 
59.21 

59.74 
0.62 
0.82 
1.99 

20.28 

20.81 

21.10 
22.08 
22.:;2 
22.17 
22. 02 
23.07 
23.67 
23.75 
23.94 

24.23 
24.35 

24.39 
24.4  6 
21.IH 
24.75 
24.59 
2  4, V.l 


21 1. 2.-. 


.  r. 

2  1.1(1      24.1.". 
24.14      21.27 
22.70     23.33 
37  52  22.33:57  .V2  22.50 


I 

Fail  Image 

I 


High   wind,   fair  set 
vera  -■' 

Bad,  dirTmedmid  unsteady 

I  ii'ii.:'-  ^ 1 

1  .hi,  image  rather  diffused 

Pooi 

Dlfl  itcad 

Pair 
Good 
Poor 
Fair 
Good 

Diffn  -  .1 

Very  steady 

G.»od 

Diffused 

Diffused  and  ui       idj 

Lt  cloud-.,  but  fair  seeing 
1  ,t    i'liMi.!-,  lint  distinct  and 

g l  image 

G i  well  defined  and  steady 


i'  ui  and  unsteady 
i  clouds,  very  faint,  but 


a  =  Sh  25 


1450  Groombridge. 

u  —  _0\015.     6  =  38°  24'  58".C>$ 


8.47 

B 

11 

38  24  46.51 

38  21   17.36 

i 

IMJ 

19.4 

I 

12 

17.7:; 

17.:)2 

Good 

23.4 

B 

11 

48.37 

19.59 

28.4 

B 

10 

18.94 

19.92 

1,1 

I 

10 

49.03 

19.61 

, 

3.4 

I 

10 

49.24 

4  0.9:) 

7.4 

B 

11) 

49.81 

50.21 

S.4 

I 

10 

49.96 

50.58 

18.4 

I 

10 

1  50.50 

38  21  51.24 

Date    Obsr  t'lids  Computed  i     Obsei  ved  d 


a  —  8b  26 
i 
1  I.  1 
20.4 
21.1 
24.3 

3.8 

Oct. 

81.7 

N..v 

1.7 

1.7 

5.7 
12.7 
14.7 
16.7 
18.7 
10.7 
27.7 
28.7 
20.7 
30.7 

ls*4  Mar. 

24.3 
31.3 

0.3 
7.3 


a  =  91'  27 

1--::   Spri) 

14.:; 
17.3 

I  >cc. 

0.7 
10.7 
28.6 

18S4  Jan. 

9.6 
13.6 
17.6 
21.6 

April 

7.3 


/ 150  Groombridge.  —  Contin. 

1-    16     u    -   -ii Mil.".,     d  =      ■  i    ft'  =  — 0".208. 


1! 

). 

1 

•io 

B 

Id 

1 

in 

1 

ID 

T 

9 

B 

8 

1! 

8 

T 

8 

T 

1  1 

T 

:i 

T 

8 

B 

6 

T 

)'. 

B 

9 

T 

9 

B 

9 

T 

8 

B 

io 

B 

. 

T 

B 

:.s  24  50.58 
51.21 
51.38 
51.76 

52.57 

88.45 

33.30 
32.90 

32.81 
.".2.2:; 
31.98 
.".1.72 
31.58 
31.47 
31.04 
:;n.. 1 1 
30.85 
30.77 

39.40 
39.93 


38  24  5".7: i 

51.7'.) 

51. 

51.7:; 

53.13 


34.3) 


Faiut  light 

Poor 

Very  faint.     . 


Poor 

DifTiwe  and  unsteady 


Clouds,  TOT  faint  M  tinr-. 

particularly  after  reversal 
Faint,  but  fairly  defined 


39.82  f. 


40.6. 


trot    good  image  and 


10.37             II.ds 
38  24  40.60  38  21  41.12 i 

10  Lionis  Minoris. 

ii  =—  0-.015.     (5  =  36    54'58*.46     »' =  — 0" 
36  54  50.87  36  54  50.88iciearandweiidenned 


51.25 

2.;.:;:; 
26.22 
25.13 

25.12 

25.16 
25.46 
25.68 


51    13  Steady  and  -well  defined 

26.03  Good 
26.59  Unsteady 
25.01  Fair 

25.37  c 

25.95  Fair  seeirjg 

95  30  Fair    p""r  >">•-"■  and  i 

^  after  reversal 

2D.  76  Poor,  diffuse 


a  =  10h  21 

10.4 
17.4 
18.4 

20.4 
21.3 
24.3 
25.3 


8      36    54    34.98|36  54  35.40  Good.    Irnaje a  little  ditTmed 

31  Leonis   Minoris. 
065.92    «  =  —  0.011.      6  =  37°  18'  22*.73  p.'  =  — 0    "77. 


10  3; 

0 
9 
5 

9 
0 

'.'  :;; 


18  13.41  .".; 
14.35 
14.53 
1  1.86 
15.02 
15.36 


18  12.14 1 

13.93  Good 
1  1.06 

14.30  Br,,,. 

14.42,. 

14.76  Fair 


18  15.45  37  18  14.88  c 
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Obsr  Thda  Computed  d    Observed)) 


10h  21 

1883  A|,ril 
Mnv 

2.3 

3.3 
4.3 

Dec. 

9.7 
27.7 
28.7 

2.6 
9.6 
13.6 

17. (i 
20.6 
21.6 


18.4 
29.3 


a  =  131 

1883  Muv 

2.45 
16.4 
17.4 
19.4 
24.4 
25.4 
31.4 

June 

1.1 

4.1 
11.3 

1884  Jan. 

13.7 
21.7 

i.i. 
15.7 
26.7 


«  =  I7h 
is.:  iprll 

8.7 

.Inn. 

27.45 

July 

1.1 

2.4 

3. 1 

l.l 
10.4 
I  l.l 
16.4 
17.  I 
25. 1 
26.4 
30.4 
3 1 . 1 


31  Leonis  Mhioris. —  Con  tin. 
06».92     ,</  =  —  0-.011.     6  =  37°  18'  22».73     ,«'  =  O\077. 
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9 

B 

9 

B 

y 

I 

7 

B 

11 

B 

9 

T 

8 

T 

9 

T 

.i 

B 

9 

B 

10 

B 

9 

T 

9 

T 

9 

B 

9 

T 

9 

37   18  15.99 

16.26 
16.40 
16.52 

17  48.41 
46.43 
46.33 

46.10 
45.85 
45.73 
l.-..s,x 
46.00 
46.01 

7)7.21 

57.35 

37  17  58.72 


16.26 
16.77 
15.74 

47.47 
46.15 
16.58 

16.38 
45.79 
45.46 

46.08 
1 5 . 5  5 
46.85 

56.69 

56.93 

37  18  58.62 


.,■ 


Faint,  but  rtemd; 

[m&ge  not  good 

High  wind,  fleecy  cloutli, 

Mead; 
Poor,  diifiue  uul 


n  through  I'm 


Fair,  bright  moon 

thin  cloud! 
linage  diffuse  ut  times 

Poor 


/;   //)  Can.  Ven. 

,i    --     „  =  -fo.l:;.     6  =  :;;    16' 
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B 

8 

1! 

9 

I 

9 

I 

9 

I 

9 

B 

9 

1 

9 

B 

8 

15 

7 

B 

7 

B 

7 

T 

8 

T 

9 

B 

6 

37  46  47.9337  10  17.46c 


51.08 
51.33 
51.84 
52.82 
52.98 
54 . 1 6 

54.38 
54.93 
55.92 

21.21 

20.32 


5  0 . 3  7  g 

50.85  a i 

51.81  

5  2 . 5  S 

52.94  F«lr 

54.09i 

54.64  F«ii 
53. 15p 

21.1 9  i 
20.80* 


19.13  20.13  Dim.. 

:57  16  19.64  37  46  19.64  i  >i. 


it  Herculis. 

I0m  58  .88   u  i  38    56'  29  .50   »'  =  — O'.OIO. 

1(1    36  ."it;  17.99  36  7,0  16.71  <■•■■■> 
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6 

15 

9 

1 
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B 

9 

I 

9 

I 

9 

B 

9 
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9 

15 

9 

1 

Ki 

B 

8 

T 

8 

T 

9 
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,3.47 
13.69 
15.24 
15.  17 
16.38 
46.49 


38.62 i    i 


29  g  • 
.02 

1  -I i 

()7 

2  I  - 
80  oo  ..i 


36  56  17.:: I  36  56  17.7 1  i 
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Date    Obsr  Thds  Computed 


a  =  171' 
1883  Aug. 

7.3 
22.3 

- 

1.3 

3.3 

I.:: 

5.3 

6.3 

IggtMar. 

30.7 

T.l 
11.7 
17.6 
18.6 
29.0 


n  ll<  mil  is.  —  Contin. 

■    17.51  36  56  17.7 
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9 

T 

9 

1! 

8 

T 

9 

1! 

9 

T 

9 

B 

11 

1! 

<s 

T 

9 

B 

7 

1 

9 

B 

10 
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16.45 
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16.77 

i  v .  ■_'  1  i 

»elldefi,it.l 
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14 
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13.4 
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24'  52*.66 

37  25     1.70  37  25     1.7.7. 


u'  =  + 
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6.70 

7.13 
7.68 

8.74 
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12.71 

37.55 
38.22 
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39.79 

11.".", 
37  27,  13.51 


3.33 
3.18 
3.75 
5.81 
5.79 
6.34 
6.85 
7.7,1 
7.13 
8.31 
8.12 
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11.48 
13.10 

37.65 
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11.22 
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RESULTS  OF  THE  OBSERVATIONS  OF  a  LYRAE,  MADE   DURING    THE  YEARS 

1862-67,  WITH  THE  PRIME-VERTICAL  TRANSIT  OF 

THE  U.  S.  NAVAL   OBSERVATORY, 

By  S.    NEWCOMB. 

1  have  for  some  time  had  lying  among  the  unpublished 
Astronomical  Papers  for  the  use  of  the  American  Ephem- 
•  rt's.  a  discussion  of  the  above  observations.  This  discus- 
sion was  made  at  a  time  when  no  suspicion  was  entertained 
that  :i  periodic  variation  of  the  latitude  could  have  any 
other  period  than  that  of  Euler,  about  306  days.  Mr. 
Chandler's  discovery  from  observation  that  the  actual 
pei'iod  was  much  longer,  and  my  own  explanation  of  this 
circumstance  by  the  non-rigidity  of  the  earth,  and  the  mo- 
bility of  the  ocean,  necessitated  a  new  formation  and  solu- 
tion of  the  equations  of  condition.  This  new  solution  is 
just  completed,  and  as  I  shall  not  have  an  opportunity  of 
putting  it  into  definitive  shape  during  the  present  year,  I  beg 
leave  to  make  the  results  known  through  the  Astronomical 
Journal. 

Besides  the  parallax,  aberration,  mean  declination,  and 
th  two  quantities  depending  on  the  variation  of  the  latitude, 
it  was  necessary  to  include  the  effect  of  the  sun's  rays  in 
changing  the  refraction  at  the  moment  of  observation,  an 
effect  which  I  have  assumed  to  be  proportional  to  the  cosine 
of  the  sun's  azimuth  when  the  sun  was  above  the  horizon, 
and  to  be  zero  when  below  it.  It,  was  also  found  neces- 
sary to  correct  the  observed  declinations  for  rate  of  the 
clock,  a  circumstance  which  seems  to  have  been  overlooked 


in  the  original  reductions.  The  necessary  correction  was 
only   a    fraction   of   a    tenth   of   a    second,    and    was   nearly 

always  positive,  the  clock  having,  for  the  most  part,  a  gain- 
ing rate  not  far  from  two  seconds  a  day.  The  results  are 
as  follows  : 

Mean  declination  of  «  Lyrae  for   1865.0, 

assuming  the  latitude  of  the  center  of 

the  Observatory  to  be  38°  53'  39".25,  38    39'  35".56 

Correction  to  Strdve's  constant  of  aberration,  -f0".006 

Hence,  constant  of  aberration,  20". 451 

Parallax  of  a  Lyrae,  +o''.2J 

Coefficient  of  sun's  azimuth  in  declination,  -f-0".507 

Coefficient  of  sine  N  |  defined  below  I,  s  =    - 

Coefficient  of  cosine  N,  <■  =  — 0ff.087 

N  is  here  an  angle  assumed  to  be  zero  at  the  epoch 
1864.50,  and  to  increase  at  the  rate  of  308°  annually. 

This  motion  is  based  on  the  hypothesis  that  the  period  of 
the  axis  of  rotation  around  the  axis  of  figure  is  427  days,  as 
found  by  Mr.  Chandler.  The  relative  position  of  the  two 
axes  at  any  time  cannot  directly  appear  in  the  equations, 
but  we  may  regard  the  values  of  c  and  8  as  equal  to  the  co- 
ordinates of  the  axis  of  rotation  relatively  to  that  of  figure 
on  July  1st,  1864. 
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The  actual  expression  which  fchua  follows  for  the  variation 
of  the  latitude  of  Washington  is 

,V  =  0".122  cos  308°(i— 1864.94) 

Hence  the  distance  of  tin-  two  poles,  or  semiamplitude  of 
the  variation  of  latitude,  0".122. 

The  epoch?,  at  which  according  to  these  results,  the  axi> 
of  instantaneous  rotation  passed  the  meridians  of  Pulkowa 
and   of   Washington    respectively,  that    is.  the   epochs   of 
maximum  latitude  in  the  case  of  the  two  observatorii 
as  follows : 


Washington 

1866.7 


kowa 


Washiugtow- 
1863.19 

1864.36 


Pulkowa 

1863.54 
1864.71 


From  the  manner  in  which  the  parallax    -  1  with 

the  effect  of  the  sun's  rays  in  changing  the  refraction,  an 
effect  which  was  described  iu  my  former  papei    {A.J.  No. 
251),  these  quantities  are  so  related  that  they  cam. 
determined   independently.     This  seems  to  be   the    i 
why  the  parallax  now  found  is  larger  than  that  previously 
derived. 

The  aberration-constant,  which  is  the  main  quantity 
determined,   is  so  completely   separate   from   all   the 
that  I   have   not   entered   upon   a   minute   disoossion  of  the 
parallax 


OX   A    XKW    VARIABLE   STAR    IX    LEPUS, 


-    —2\    ll'.l     1875.0   . 
By    EDWIN    1'.    SAWYER. 


In  connection  with  my  revision  of  the  F.  A.  magnitudes, 
I  have  at  various  times  observed  the  star  87  I  A.  / 
The  large  number  of  estimates  secured,  between  the  years 
1882  and  1889,  had  shown  discordances  of  over  half  a  mag- 
nitude ;  and.  notwithstanding  its  low  altitude,  and  somewhat 
isolated  position,  which  rendered  observations  rather  diffi- 
cult, I  was  led  to  believe  that  the  star  fluctuated  in  its  light 
to  a  limited  extent,  and  it  was  marked  for  a  more  careful 
examination,  a-  soon  as  time  would  permit.  As  early  as 
observations  could  be  secured  in  1890,  the  star  was  looked 
for  and  found  to  be  fainter  than  it  had  previously  been  seen. 
Close  watch  was  then  kept  of  the  star  during  1891,  ami  its 
variability  soon  established  beyond  doubt.  Its  magnitude 
i-  given  b\  various  authorities  accessible  to  me.  and  kindly 
furnished  by  Dr.  Goi  i.o  as  follows:  Y akn ai.i.  6 ".5  :  in  Dr. 
Gould's  /.ones  it  occurs  three  times.  l.s"-_'  Dec.  10;  1873 
Jan.  22  and  Dec.   19,  and  each   time   estimated   at    7".      For 

the  Argentine  Uranomelry  it  was  observed  oi as  6M.7,  and 

twice  as  7M.0.     The  discordance  being  looked  up,  the  mag- 
nitude uas  found  to  be  6". 7  again,  and  the  mean  vail 
was  adopted.     Stone's  Cap*    Catalogut  es  for 

the  observation,  date  1878.08,  and  magnitude  7 ".6,  which 
is  about  6$".  Its  uou-ocenrrence  in  Seis's  Catalogue,  in- 
dicates that  he  did  not  estimate  it  so  bright  as  6f".  The 
limits  of  variation  observed  by  me  are  from  •'•U.T  to  7". 5,  or 
eighl  li-tenths  of  a  magnitude. 

A  careful  inspection  of  all  my  obsen  ations  to  date  strong- 
ly indicates  a  mean  period  of  very  nearly  69  days,  which 
however  appears  subject  to  deviations  l  gularities  are 
also  suspected  in  the  limits  of  fluctuation.    These  deviations. 

if  real,  would  indicate  a  light  curve  resembling    the    /,'   S 

Bright..,,.  Mats.,  1892  April  11. 


type.     The  comparison-stars  used  with  their  magnitudes  are 

as  follow-  : 

M:l_' 


G. 


- 


a     79  1 

A.  Leporis 

5 

.31 

.1 

—23 

14 

6.7 

6.7 

b    Gould 

G 

1.6 

24 

55 

; 

7.4 

Got  :  D 

6 

3.1 

24 

- 

'  4 

7  7 

The  following  table  g 

\  es 

all  the 

estimates  up  to  date  : 

1882  Mar. 

13 

1891 

Mar. 

7 

J 

1887    ! 

19 

•.'4 

6.7 
6.9 

Dee. 

1888     ■■ 

13 
29 

7.1 
7.3 

Jan. 

21 

31 

7.1 

7.."» 

Mar. 

1 
29 

7  0 

Feb. 

1 

1 

7.35 

1889     '• 

28 

7.0 

" 

15 

7.40 

1890     Feb. 

it; 

T.'i 

M  i 

4 

Mar. 

18 

7."> 

•■ 

."i 

7.0    C 

Dee. 

;p 

7.5 

•■ 

1  1 

1891   Jan. 

30 
31 

7.5 
7.45 

T.o 
7.05 

•• 

15 
21 
24 

7." 
7.1     C 

Feb. 

11 
27 

T.o:, 
7. -jo 
7.45 

30 

:;i 

7.1     < 

7.1      C 

An  inspection  of  the  above  observations  will  sin  ■• 
the  star  was  mar  a  maximum  on  the  following 
Mar.  13  ;    1887  Feb.  19-24  :     1888  Feb.  I 
1891  Jan.  80  and  Dec.  28 

star  was  near  a  minimun  16  and  Mar.    1" 

9;    1891  Jan.  F.'.  Feb.  27  to  Mar.   7.  and   1892  Jan.  31    to 
Feb.  15.     Observations  at  a  more  southern  station. 
the  star  could  be  longer  follow  -  red. 


IM 
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\i;\\    ASTRONOMICAL   WORK. 


Catalogue  •'-  VObservatoiredi   Paris.  —  Etoiles  observies  aux  Instru- 
ments.     Tome   ll.      Positions   Observees  da    Etoiles.     Tome  [I. 
Paris,  1891. 
The  second  portion  of  the  great  Paris  Catalogue  was  issued  at 

the  close  of  September  hist,  and  contains  the  stars  situated  between 

B and  12*  0 t  right-ascension,  7618  In  all. 

its  arrangement  is  entirely  similar  to  that  of  the  first   portion, 

published  four  years  previously,  — one  volume  containing  thi  i  i 

logue  proper  i>f  the  mean  places  of  the  stars,  as  definitely  deduced, 

together  with  two  terms  of  the  precession,  and  the  other  giving  the 

several  determinations,  upon  which  the  final  positions  of  1 1 ta 

togue  depend. 
The  work    thus  comprises   the   results   of   forty-five  years  of 

meridian  observations,  from  1837  to  1881,  and   these  are  divided 

throughout  into  three  gronps  : 

I.  The  determinations  made  during  the  seventeen  years,  1837  t<> 
L853,  inclusive,  all  under  the  directorship  of  Irago.  These  are  re- 
ferred to  the  mean  equinox  of  1846  0. 

II.  Those  made  during  the  fourteen  years,  1854  to  1867,  all 
under  the  directorship  of  LeVrrrier.  These  are  referred  to  the 
mean  equinox  of  isiiO.O. 

III.  Those  made  during  the  fourteen  years,  1868  to  1881.  Those 
in  1868,  1869,  and  1878  t<>  1877.  were  also  under  the  direction  of 
I.eVkmui.i;;    those  of   the  years  1870  to  1872,  under  that  of  I)k- 

LAl  \  s  v.  and  finally  those  during  the  period  ls7sto  lssl.  In'  (.hat 

of  Mouchez.     I'lu'  mean  equinox  of  reference  for  these  is  that  of 
1875.0. 

All  the  computations  have  been  executed  and  the  results  arranged 
for  publication,  tinder  the  able  superintendence  of  Mr.  Gaillot, 

assist,,!  by  Mr.  BOSSERT. 

Upon  assuming  the  charge  of  the  Observatory  in  1854,  LrVer- 
RIER  decided  to  undertake  the  re-observation  of  all  the-  star's  in 
Lalandi  's  /ones.  For  this,  the  reduction,  published  by  Baii.y  for 
the  British  Association  in  1847,  afforded  a  very  convenient  working 
list.  Meanwhile,  he  provided  for  the  careful  computation  of  all 
the  observations  made  in  previous  years  since  1837;  and  all  these, 
as  well  as  those  made  during  his  own  lirst  period  of  directorship, 
were  reduced  to  the  form  of  apparent  places  at  the  time  of  obser- 
vation. 

On  Dei.aunay's  accession,  the  reduction  of  these  apparent  places 
to  the  corresponding  mean  positions  for  the  beginning  of  tin-  year 
was  systematically  undertaken,  and  this  work  was  completed  dur- 
ing the  next  eleven  years. 

Admiral  MOOCHEZ,  upon  his  appointment,  in  1878,  resolved  to 
make  the  vast  collection  of  observations,  already  accumulated,  ser- 
viceable to  astronomers,  who  had  indeed  not  been  remiss  in  urging 
the  publication  of  the  results.  He  therefore  availed  himself  of  all 
the  resources  at  his  disposal,  not  only  to  complete  the  work  of  re- 
observing  Lalande's  stars,  but  to  construct  a  Blngle  catalogue 
from  the  total  mass  of  material  available.  The  widely  distant  dates 
of  observation,  as  well  as  the  continual  introduction  of  improved 
methods  and  of  more  delicate  instruments,  which  had   been  going 


on  during  a  period  of  more  than  forty  years,  required  the  employ 

nl  of  more  than  one  equinox  of  reference:  and  the  problem   was 

most  happih  solved  by  dividing  the  whole  series  Into  three  compar- 
atively homogeneous  groups  already  mentioned.  For  each  ol 
these,  a  nearh  middle  date  affords  an  equinox,  which  has  already 
been  used  for  other  catalogues  of  recognized  Importance. 

in  this  way,  the  Paris  Catalogue  has  been  constructed.  It  gives 
for  each  star,  the  data  corresponding  to  each  of  the  three  gronps, 

side   by   side,-     the   epochs    of    the    three    equinoxes    of    reference 

being  ]"■  years  apart.  The  two  opposite  pages  at  each  opening  ex- 
hibit for  their  respective  coordinates,  the  nber  of  observations. 

the  in,- late,  and  the  mean  result,  together  with  the  two  preces- 

sional  terms,  and  a  comparison  of  this  new  1'aris  value,  with  that 
of   Baily's    Lai  inde,  alter  application  to  the  latter  of  ll 
rections  indicated  by   Argei  lnder  and  others,   and  of  those  re- 
duced from  vos  Astrn's  reduction-tables. 
The  facilities  for  investigating  the  proper  motions,  and  for  the 

detect! I    errors,  which    are   afforded    by   the   comparison    with 

LaT.ANDE  and   by   t  lie  juxtaposition   of    the   places    resulting    from 

three  different  groups  ol  observations,  have  been  most  conscien- 
tiously ami  elaborately  improved  by  Mr.  ROSSERT.  This  thorough 
investigation    of    all    the    discordances    brought   to  light   forms    in 

itself  an  important  memoir. 
A  table  is  also  ".hen  indicating  the  corrections  applied  to  the 

places  in  BAILY'S  LaLANDE,  including  those  disclosed  in  the  course 
of  this  work  :  also  another  extensive  one,  showing  the  results  of  a 
comparison    of    the    Paris    places    with    the   positions   contained    in 

A tjwers's  Bradley.    The  degree  to  which  the  discrepancies,  aa 

given  by  the  three  groups,  agree  with  each  other,  is  most  instrue- 
tive.  and  frequently  manifests  at  a  glance,  the  extent  to  which  t  he 
discordances  must  be  attributed  to  Bradley's  observations,  and 

how  far  it  may  lie  reasonable  to  attribute  them  to  proper  motion. 

At  the  side  of  the  current  number  for  a  star  in  the  catalogue  is 
that  which  corresponds  to  the  same  star  in  Baily's  Lalandb;  ami 
stars  not  occurring  in  the  latter  are  identified  by  their  numbers  in 
some  other  well-known  catalogue. 

The  vol u me  of  Observed  Positions  requires  little  description.  It 
is  arranged  essentially  upon  the  plan  often  followed  for  the  separate 
determinations,  in  annual  collections  of  observations.  The  single 
observations  are  given  after  their  complete  reduction  and  reference 
to  the  equinox  of  the  epoch  adopted  for  the  grouping.  The  mean 
of  all  affords  the  position  for  the  catalogue  proper  in  the  other 
volume.  A  full  description  of  all  the  processes  employed  as  well 
as  of  the  systematic,  mean,  and  probable  errors  of  the  results,  is 
given  by  Mr.  Gaillot. 

It  is  interesting  to  note  how  large  is  the  number  of  astronomers 
who  have  taken  part  in  the  observations.  The  names  of  all  are  re- 
corded in  the  introduction  to  the  first  portion;  and  it  appears  that 
ten  different  observers  furnished  the  material  lor  the  first  group; 
30,  that  for  the  second ;  and  87,  that  for  the  third.  But,  as  11  are 
registered  in  more  than  one  group,  we  find  2G  to  be  the  total  num- 
ber of  observers,  who  have  contributed  to  the  catalogue. 
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Date 

Obsr  Tli.ls  Computed^ 

Observed  it              Remarks 

Date 

Obsr  Tli.l- 

Computed  d     1 

Remarks 

U  And/romedae.    Dble.  Cobs,  larger). 

fi    I'irsti.  —  <  011  tin. 

a 

=  2"  03'" 

Proper tion  n..t  applied  to  computed  places. 

« 

=  2" 

-.7'"  41 

>.85.        t!=     - 

<;'  =  —  0M06. 

1882  Deo. 
11.1 

I 

9 

38  29  -'•-'.7:; 

38  29  21.86 

188!  Dee 
19.1 

I 

9 

38°2o  16*85 

38  23  16.29 

16.3 

I 

9 

22.87 

2:1.54 

26.4 

I 

9 

17. -in 

17.6(i 

18.3 

B 

9 

22.94 

22.-13 

28.4 

B 

8 

17.58 

17.85 

19.3 

T 

7 

22.96 

22.27 

1883  Jan 

26.3 

I 

9 

23.35 

2:;. 60 

2.3 

B 

9 

17.72 

17.45 

28.3 

B 

9 

23.45 

22.20 

12.3 

I 

9 

18.15 

18.73 

1883  Auk. 

22.3 

I 

9 

18.14 

18.20 

12.7 

Sept 

3.6 

I 

9 

15.52 

15.43 

Very  1ni.it 

24.3 

1 

9 

18.18 

18.18 

T 

5 

20.07 

19.90 

Clouds.    Very  fainl  al  i  inaee 

Feb. 
21.2 

I 

9 

16.64 

16.65 

Nov, 

19.4 

B 

9 

34.71 

34.59 

Good 

July 

30.8 

I 

11 

7.31 

7 . 5  7 

27.4 

T 

9 

35.58 

85.73 

Aug 

28.4 

B 

10 

35.68 

35.50 

G 1 

2.8 

1 

11 

7.7s 

7. 75 

30.4 

B 

9 

35.92 

36.70 

1. 1 

7.7 

1 

9 

8.37 

8.12 

Dec. 

12.7 

1 

11 

8.93 

8.70 

3.4 

B 

9 

36.34 

36.75 

Pair 

Bcpl 

5.4 

B 

9 

36.57 

36.38 

1. 1 

3.7 

r 

11 

12.  h. 

12.01 

6.4 

T 

9 

36.65 

36.61 

Diffuse,  mi. mull 

5.7 

T 

11 

12.60 

12.38 

10.4 

B 

8 

86.89            36.64 

Knir 

9.7 

B 

11 

13  34 

12.  7 2 

11.1 

T 

9 

36.96 

37.11 

Faint,  diffuse 

25.6 

D« 

6.4 

11 

9 

16.22 

15.46 

12.1 

B 

9 

87.04 

37.02 

Kllir 

T 

8 

27.28 

27.53 

21.3 

B 

9 

37.74 

37.68 

Fnir 

10.4 

B 

Hi 

27.59 

27.28 

•.'7.:! 

T 

8 

87.86 

38.59 

Faint,  not  g I 

11.1 

T 

9 

27.67 

27.68 

28.3 

B 

8 

37.91 

38.05 

V-iy  1 i 

12.4 

B 

9 

27.76 

27.86 

29.3 

T 

9 

37.97 

88.86 

\  ■  rj  % 1 

21.4 

B 

9 

28.69 

1884  Jan. 

2.3 
4.3 

B 
B 

7 
9 

38.12 
38. 10 

:i7.9."i 
38. 1 1 

1          ,  ,  lid 

Fait 

27.:; 
28.3 

T 
B 

."1 
9 

28.96 

28.91 
29.10 

6.3 

T 

9 

38.03 

38.68 

1; 1  image 

29.3 

T 

9 

29.18 

9.3 

B 

8 

88.00            87.27 

Fair 

2.3 

B 

9 

29.  1  I 

80.02 

17.3 

T 

9 

87.95 

37.89 

1. 1.  bad 

1..', 

i; 

9 

29.49 

29.48 

21.3 

11 

9 

37.63 

87.35 

Good 

6.3 

.  T 

6 

29.51 

29.59 

22.2 

T 

8 

88  29  37.57  38  29  37.79 

9.3 

B 

9 

29.56 

il.  ■ 

T 

9 

29.85 

80.22 

p    I'rrsi  i. 

21.3 

B 

10 

29.70 

29.36 

" 

=  2h . 

7'"  40».85.        A      38    23' 09*. 21                  0  .IOC. 

22.3 

T 

9 

29.68 

1... 

i'i 

per  moti.ni  it. -t  ii|>|i!i.  ,1  i i,|.nt,  .1  i      . 

1 

23.8 

B 

8 

29.67 

7.  1 

I 

9 

38  23  15.64  38  23  16.74 

26.3 

T 

11.  1 

1 

9 

16.09             16.29 

13.4 

B 

9 

16.36             16.13 

1.3 

B 

10 

29.55 

15. 1 

B 

9 

16.59             17.08 

15.2 

T 

9 

28.43 

16.  I 

I 

9 

16.68             17.15 

21.2 

r 

• 

l.s.l 

B 

9 

18  2  1  16.80  38  28 

L8G 
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Obsr   rii.i- 

i  omputcd  i      i  ii'-. -i      i                Rem 

|):it.. 

>bsr  Thds  (' pitted         i                            Remarks 

BO  Pemei. 

/i  Aurigae. — Contin. 

=  41,00n 

:  :;;     i:;'  .-,:.  '.98     „'  =      0 

a 

=  :.''  .V  25'.84.        d                         52    »'  =  —i. 

Propci  i 

K-l  l.l. 

j     i      . 

O          '          tf 

211.3 

i; 

9 

13.51 

38  20  13.12 

26.4 

I 

9 

37  13  59.21  :;7  13  59.29 

21..-. 

i 

9 

i.;./,  i 

43.15 

2.4 

B 

7 

59.73            60.25 

28.3 

T 

9 

18  20  13.7:: 

18  2ii  13  93 

12.4 

I 

7 

4  4     0.46        11     "-02 

22.8 

I 

9 

0.82               L.00 

0  Aurigae. 

24.3 

I 

9 

0.94               0.99 

a 

ll  ,61.        i  =  37°  12'  L0'.39     i .'  -      0 

29.3 

I 

9 

0.99              .1  69 

I."...". 

i; 

8 

37  12     3.71 

37  12    3.35 

1.:; 

1 

9 

0.92               1.07 

28.5 

B 

9 

5.01 

1.17 

•J  1.7 

T 

9 

13  55.64        13  56.02 

22.1 

I 

8 

7. nl 

7.87 

25.7 

B 

10 

55.80            55.74 

21.4 

1 

9 

7.28 

7.58 

26.7 

r 

9 

55.95            55. 18 

29.4 

1 

9 

7.69 

7.9S 

28.6 

r 

10 

56.24             56.50 

l  eb 

Dec 

1.1 

1 

9 

7.80 

7.67 

27.4 

T 

10 

II     6.50       4  4     6.55 

9   1 

I 

9 

8.40 

8.77 

•J.s.l 

B 

5 

6.61                 7.27 

12.:; 

i: 

7 

8.62 

8.37 

29.4 

T 

6 

6.71               6.72 

27.:; 

1 

in 

9.2  1 

9.09 

9.4 

B 

9 

7.17                7.  22 

28.3 

Mar. 

15 

10 

9.2:; 

3.80 

17.:', 

T 

10 

8.07               7.86 

2  1.2 

1 

8 

9.46 

10.09 

21.3 

T 

10 

8.09              7.n7 

Sept. 

22.3 

T 

10 

8.09              8.14 

7.8 

T 

9 

I  1  58.99 

1 1  58.81 

23.3 

8.12                7.73 

24.7 

«  >■  [ 

T 

9 

58.93 

58.85 

26.3 

B 

9 

8.27              8.16 

3.7 

T 

9 

5'.).  ID 

58.82 

Feb. 

1  3 

B 

9 

8.44               7.58 

10.7 

T 

9 

59.23 

58.44 

i'..°. 

T 

9 

37  44    8.42  37  4  1     8.28 

15.7 

T 

9 

59.37 

87  11  59  3,6 

59.21 

i<;.7 

B 

9 

3,7  11  5:).  11 

H    Alirit/ur. 

40  Aurigae. 

a 

=  .V'  .V"  25' 

;;t.         i  =  38    20'  39*.52     u    =  — 0*.071. 

a 

=  6"  68'"  3K22.         A  =  38    29'  29".60     u    =  — 0".04G. 

13.5 

B 

9 

38  20  36.39 

38  20  36.03 

1882  Dec. 

l'r. 

in  not  applied  to  computed  plucca. 

26. 1 

I 

9 

37.64 

38.65 

13.5 

B 

8 

38  29  22  38 

38  29  21. *5 

28.4 

B 

11 

37.90 

37.15 

28.5 

B 

3 

2::.  71 

23.31 

1883  Jen. 

2.4 

B 

6 

38.31             38.25 

22.4 

I 

9 

25.98 

26.14 

12.4 

I 

8 

39.25            39.28 

2  1.1 

1 

13 

26.24 

26.28 

2  2.  4 

I 

9 

39.92            39.95 

29.4 

I 

9 

26.70 

26.31 

•24.4 

I 

9 

40.02            40.4-2 

Feb. 

29.4 

I 

9 

40.42             40.04 

1.4 

I 

9 

26.83 

26.79 

Feb. 

8.4 

B 

7 

27.511 

28.28 

l.:l 

T 

9 

40.48 

10.52 

9.4 

I 

13 

27.59 

27.46 

L2.3 

Sept. 

•24.7 

B 

9 

41.04 

10.63 

12.1 

B 

12 

27.70 

27.51 

T 

11 

32.0-2 

32.20 

19..", 

I 

13 

L'.S.ll 

28.03 

25.7 

B 

1) 

32.11 

31.87 

21.:; 

B 

11 

28.29 

27.99 

28.7 

T 

10 

32.39 

32.03 

28.3 

B 

11 

28.50 

27.K) 

Oct 

Mar. 

;;.7 

T 

6 

.■'.•2.:.  7             31.98 

1.3 

I 

12 

28.51 

28.4  1 

9.7 

B 

11 

82.97            33.11) 

2.3 

B 

5 

28.54 

28.23 

10.7 

T 

11 

33.ii:)            32.93 

3.3 

I 

10 

28.57 

28.31 

15.6 

T 

9 

33145             34.49 

7.3 

B 

10 

28.82 

28.65 

16.6 

B 

8 

33.48             32.H7 

Oct 

8.7 

T 

1  1 

17.2!) 

17.65 

17.1 

T 

Hi 

4-2.nl              42.13 

9.7 

B 

in 

17.34 

1  7.75 

•21.1 

B 

9 

I2.1i;             42.99 

10.7 

T 

11 

17.39 

17.65 

•22.1 

T 

9 

42.20             42.31 

16.7 

B 

10 

17.51 

1  7.75 

•23.4 

B 

9 

42.2.".              42.35 

30.6 

B 

8 

17.86 

18.36 

•21'..  4 

T 

10 

42.49   '          42.5! 

31.6 

T 

10 

17.85 

17.81 

Feb. 

Not. 

1.:! 

B 

9 

42.96             4  2.71 

1.6 

B 

s 

17.85 

18.18 

2.3 

T 

9 

42.99              43.11 

4.C 

B 

8 

17.96 

18.27 

15.3 

T 

1     9 

38  20  43.55  38  20  43.82 

5.6 

T 

9 

38  29  18.04 

38  29  17.98 

N°-  264. 
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Date 

Obsr 

Ttads  Computed  A     Observed  &              Remarks 

Date 

Obsr  Thds  ( iomputed  A     i  Observed  A 

jrks 

40  Aurigae. —  Contin. 

CO  Aurigae. —  Contin 

a 

=  5" 

58ra31".22.         6  =  38c  29'  29".C0    ft'  =  —  C.046. 

a 

=  6*  -l.V"  ll«.87.        A  -  88   34'  56'.76 

/i'  =  — 0M81. 

Propei  motioi 1  applied  to  computed  place* 

Proper  motion  nol  applied  to 

1884]  eb 

1883  N.o 

1.4 

B 

10 

38  29  25.03 

38  29  25.11 

4.7 

B 

8 

38  34  39.60 

;  39.25 

2.4 

T 

9 

25.21 

25.30 

5.7 

T 

9 

39.62 

39.50 

15.3 

T 

9 

26.19 

20. 40 

0.7 

B 

9 

39.65 

10  39 

18.3 

B 

8 

26.27 

26.33 

12.6 

T 

10 

39.73 

39.81 

20.3 

B 

10 

26.34 

25.89 

14.6 

T 

11 

39.68 

10.26 

21.3 

T 

9 

26.40 

26.32 

16.6 

T 

9 

39.64 

10.06 

28.3 

T 

6 

26.90 

26.95 

18.6 

B 

6 

39.68 

39.37 

Mar. 

27.6 

B 

8 

39.98 

10.03 

4.3 

T 

9 

26.90 

27.16 

28.6 

T 

9 

39.98 

40.64 

6.3 

T 

9 

26.96 

20.90 

29.6 

39.99 

39.53 

15.3 

T 

9 

38  29  27.18 

38  29  27.63 

30.6 

T 

9 

40.01 

10.58 

1~H  Feb. 

OS  Aurigae. 

18.4 

B 

10 

46.80 

16.76 

a 

=  7h 

('"l."...Jl.        tJ  =  36°  58'  44    B8     «'  =  — 0*.030. 

20.4 

B 

10 

46.91 

16.22 

lsv:  r Ylj 

Proper  motion  not  opp 

lied  to  computed  j> 

21.4 

T 

9 

17.01 

17.21 

9.4 

] 

9 

36  58  37.31 

36  58  37.83 

2s. 3 

T 

7 

17.73 

17.40 

19.4 

I 

;> 

38.12 

37.87 

Mar 
4.3 

T 

9 

47.91 

4  7.73 

21.4 

B 

9 

38.38 

37.su 

15.3 

T 

9 

18.60 

18  59 

28.4 

Mar. 

B 

9 

38.95 

39.07 

22.3 

T 

9 

38  31   18.57  38  34   18.67 

1.4 

1 

11 

39.00 

38.57 

3.4 

I 

10 

39.14 

38.72 

38  Lyncis. 

7.4 

B 

9 

39.58 

39.55 

a 

=  9h  11">33\GG.         rj  =  37     !" 

/t'  =  — 0M14. 

8.3 

I 

10 

39.67 

38.47 

23.46 

B 

9 

37  17  35.37 

37  17  35.71 

13.3 

I 

10 

39.93 

39.62 

20.45 

B 

8 

35.80 

35.27 

Oct 

29.7 

T 

9 

25.65 

25.61 

28.4 

Mar 

15 

8 

36.01 

35.50 

30.7 

B 

9 

25.57 

25.71 

1.1 

I 

11 

36.11 

35.38 

31.7 

T 

9 

25.48 

25.57 

3.1 

1 

10 

36.32 

36.14 

Noi 

1.7 
4.7 

B 

B 

11 
5 

25.40 
25.24 

25.51 

25.10 

13.4 

22. 1 

I 

I 

10 

10 

37.76 

38.96 

38.23 
38.32 

6.7 

B 

9 

25.23 

25.41 

7*3 

I 

10 

40.89 

11.2:; 

ll'.  7 

T 

9 

25.12 

25.20 

21.3 

1 

9 

42.  IS 

4  2.  os 

13.7 
15.7 

B 

B 

11 

7 

25.05 
24.93 

25.03 
24.69 

29.8 

T 

9 

22.17 

22.54 

16.6 

T 

10 

24,88 

2  1. 0,s 

12.7 

T 

8 

20.03 

19.75 

19. 6 

T 

10 

24.86 

25.48 

11.7 

T 

11 

19.68 

19.10 

27.6 

B 

8 

24.88 

25.19 

16.7 

T 

9 

19.32 

18.28 

28.6 

T 

9 

24.84 

25.45 

IS.  7 

B 

9 

19.04 

19.28 

30.7 

T 

6 

24.80 

25.41 

19.7 

T 

11 

18.92 

19.36 

1884  Mar 

10.3 
15.3 

15 
T 

11 
9 

32.31 
36  58  32.66 

32.21 

36  58  32.70 

27.7 
28.7 
29.7 

B 
T 
B 

9 

9 

10 

18.12 
17.99 

17.85 
17.76 
17.49 

60  Aurigae. 

30.7 

Dw. 

T 

9 

17.71 

is. 01 

a 

=  6" 

5'"  L1-.87         t!       38    34'  56    :."•     u'   =      O'.lSl. 

3.7 

T 

7 

37  17  17.14 

37  17  17. (il- 

I--   l.i 

Proper  motion  not  applied  to 

21.4 

B 

12 

38  34  5*2.53  38  .".1  52.12 

Lalandi    18362. 

23.4 

B 

11 

52.74 

52. 12 

(I 

9    i..     39    i" 

/<'  =  -  ■ 

Mai 

1.1 

I 

13 

53.0  1 

52.83 

26.45 

15       in    38  I"  I5.38J38  I"  15.40 

2.4 

B 

1  1 

53.09 

52.  1  1 

M 

3.3 

I 

10 

53.15 

52.97 

20  I 

I       10 

I-  37 

7.3 

B 

L0 

53.54 

53.66 

21.1 

15 

I"               18.54 

ls.  7.", 

8.3 

I 

in 

53.61 

53.28 

22.4 

1 

10               18.71 

13.3 

I 

10 

."'3.77 

24.4 

I 

10               19.04 

Oct. 

'-".'.7 

T 

in 

89.77 

10.02 

1        10              50.19 

30.7 

B 

8 

89.74 

10.03 

1.8 

B        G              50.35 

31.7 

T 

11 

39.69 

39.67 

7.3 

1       i" 

50.74 

V  | 

m..; 

I        10 

50.93 

1.7 

B 

6 

38  31  39.64 

38  84   10.12 

13.3 

B 

51.18;38  I" 

Ill  K     A  ST  BONO  M  I  C  A  I.     .1  o  I    i;  N  A  I. 
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imputed  d     Observed  &             Remarks 

Date 

ibsi    i  lids  Computed  •     Observi                  Remarks 

Lalande   18362.     Contln. 

i.'iniiililiiiili/r    lU.'t  1 . 

I! 

-0».02. 

a 

=  12' 

04.        i       88    09'  13  .34     u1 

Propel  mol 

I  i.:; 

1 

10 

38  10  51.28 

18  m  50.86 

•j.i 

B 

9 

38    9    5.91 

18    :i    :■.:,:■ 

17.:; 

1 

10 

51.64 

50.94 

17.1 

1 

9 

8.92 

8.49 

L8.3 

B 

in 

51.77 

51.53 

19.4 

I 

li 

9.36 

9.90 

•jo  :: 

B 

s 

51.99 

51.99 

2  1 .  1 

1 

It 

10.09 

9.87 

T 

11 

26.47 

2(1. 7.s 

25.  1 

B 

9 

10.28             10.09 

it.  7 

B 

9 

26.06 

■25.:;:; 

. 

T 

8 

8  37.72            38.34 

1(1.7 

T 

SI 

26.05 

26.58 

13.7 

36.08 

36.32 

2  7.0 

1? 

'.' 

25.33 

25.1'.' 

21.7 

B 

1 

35.51 

35.75 

T 

i) 

25.30 

25.78 

i  eh. 

ISM  Jail. 

15.6 

T 

5 

35.26 

35.42 

T 

!) 

25.42 

25. so 

20.6 

T 

10 

:;5.<;o 

35.82 

9.6 

T 

7 

25.53 

25.94 

26.6 

B 

10 

36.10 

35.92 

13.6 

P. 

:> 

25.65 

25.64 

28.6 

B 

8 

38    8  36.38 

38    o  :;6.2:; 

17..; 

B 

10 

26.02 

26.35 

21.5 

T 

8 

26.29 

26.55 

Grooiribridge  I'.tw  1 . 

7.':; 

B 

9 

36.05 

35.64 

a  - 

=  I:!'' 

)!'"  1.-.-.09.         (1  =  38°  02'  48'.61     «'  =  4-"    004 

is.:: 

B 

7 

38  40  37.09 

38  1"  37.01 

Proper  motion  not  applied  t«*  computed  place*. 

2.1 

B 

9 

38    2  U.06 

38    2  40.47 

38  I. conis  Minoris. 

16.4 

B 

y 

ll.ol 

43.78 

„ 

=  10 

32»>  26s.62.        i  =  S8   31' 9".97     »   =  — 0".04. 

17.4 

I 

9 

14.26 

13.67 

i'i  opi  i  i.i  iti ol  applied  1 putcd  plftci 

19.4 

I 

9 

1  1.7:; 

44.47 

V 

■J  1 .  1 
22.4 

B 

7 

38  30  57.27 
57.49 

38  30  57.2  1 

57.:;<; 

2  1.1 
25.4 

I 
B 

9 
9 

15.59 

4  5.75 

15.53 
46.08 

24.4 

10 

57.90 

57.58 

i--i  .i  I, 
2.8 

T 

6 

1  1.2  1 

11.2:; 

1 0*4 

10 

31     0.09 

ii    0.49 

13.7 

B 

8 

12.42 

12.62 

11.1 

li 

7 

0.81 

1.85 

20.7 

B 

7 

11. so 

11.  s0 

11.1 

10 

1.19 

0.73 

21.7 

T 

9 

11.71 

12.04 

17.1 

LO 

1.70 

1.77 

Feb 

15.6 

T 

9 

11.07 

11.61 

18.4 

■.'O.I 

■J  1 . 1 

B 

9 

7 

1.89 
1.25 
2.4  2 

1.67 
1.7S 
1.95 

20.6 
26.6 

B 

B 

3 

11.:;.". 
38    2  11.77 

11.86 
38    2  11.85 

24.3 

9 

2.80 

2.82 

■_'.'..:; 

B 

10 

2.90 

3.16 

y  Bootis. 

30.3 

B 

8 

3.48 

3.40 

a  = 

=  14'' 

17'    22  00.        6  =  38°  49'  IS*.73    ."'  =  + 

M:i\ 

1883  Mnj 

l'.:: 

B 

7 

3.78 

3.40 

17.45 

I 

7 

38  49  10.01 

38  1.'    9.80 

3.3 

1 

9 

3.92 

3.76 

19.4 

1 

7 

10.511 

10.46 

4.3 

B 

:i 

4.06 

3.09 

24.4 

I 

7 

11.80 

12.07 

-'7.7 

B 

10 

37.1.7 

37.65 

31.4 

I 

7 

13.40 

13.59 

28.7 

T 

n 

36.95 

37.44 

\A 

B 

7 

13.66 

13.78 

30  7 

T 

9 

36.52 

36.76 

4.4 

B 

6 

1  1.57 

14.:;:; 

Dec 

."..7 
'.'.7 
10.7 

T 

B 

r 

6 
9 

!> 

35.98 
35.19 
35.04 

36.56 
34.99 
35.36 

6.4 

22.1 
23.4 

B 

B 
B 

7 
7 
7 

14.77 
17.81 

17.  '.'5 

14.47 
17.96 

17.60 

i'7.7 

B 

10 

33.10            32.94 

u.:; 

I 

9 

20.80 

20.75 

28.7 

T 

10 

33.86 

21.3 

I 

9 

•J  1  . 1  7 

21.52 

".7 
'.'.7 

T 

T 

9 

8 

;;2.74 
32.47 

33.32 
32.52 

25.3 
31.2 

Aug. 

B 
I 

9 

21.44 
21.66 

22.08 

22.:;  1 

13. 6 

B 

8 

:;2.:::l              32.44 

6.2 

I 

9 

21.6.", 

22.45 

17.C. 
20.6 

B 
B 

9 

11 

32.48            32.47 
32.60            32.68 

Di 

27. s 

B 

6 

18.7! 

19.01 

21.6 

T 

7 

32.61 

32.5e 

13.8 

B 

7 

44.60 

li.:'." 

17.  1 

T 

14.38 

14.12 

20.8 

Feb 

B 

7 

13.55 

43.87 

18.4 

B 

9 

44.53 

44. 3  ( 

1  -    - 
l.i    , 

T 

6 

40.98 

41.64 

28.3 

B 

9 

38  31  45.94)38    0  45.51 

26.7 

B 

6 

38  49  11.07 

<   11.61 

N"  26  I . 
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Dai.-     ( >bsr  Thds  <  lomputed  6    I  Ibsen  ed  A 


;    Boot  is.  —  Coiitin. 
a  =W  27'"  22\00.         6  =  38    in'  l:i".7:i 

38  49  41. •_';;  :;.s  19  II. 'J  I 


i-M  Feb 

28.7 

B 

7 

Much 

21.6 

T 

7 

24.6 

T 

80.6 

B 

April 

6.6 

B 

I 
43.66 
44.14 
15.41 


I  Mo 
11.17 
45.16 

38  19  16.67  38  19  16.99 


*<:.! 

.'7.1 

■  lull 

1.4 

2.4 

3.4 

4.4 

10.4 

14.4 

17.4 

18.4 

21.4 

l-M   Ma. 

1'7.7 
30.7 

April 

4.6 
6.6 

11.6 
18.6 


1883  Maj 

2.7 

3.7 
8.6 
15.6 
16.6 
17.6 
L8.6 
24.6 

July 

:;  i .  i 

1.    I 

7.4 
21.4 

_'■_'.! 
- 

1.:; 
3.3 
5.3 
6.3 

-'7.7 


=  16h  21'"  14M3. 


'i.~>    llirinlis. 
iS  =  37    39' 30".86 

on  no!  applied  \"  computed  plat 


i: 

9 

I 

9 

B 

8 

I 

9 

B 

9 

I 

9 

T 

9 

I 

10 

B 

9 

I 

8 

B 

8 

B 

8 

I 

9 

B 

9 

T 

9 

T 

9 

•:,-,  39  17.86137  39  17.06 


48.94 

49.38 

49.18 

19.4  1 

19.41 

18.55 

49.61 

50.12 

50.78 

50.82 

51.73 

51.SH 

52.32 

52.71 

52,17 

52.66 

52.89 

53.30 

19.58 

20.07 

20.72 
21.00 
22.0.". 
■r,  39  23.43 


19.55 
19.66 

20.83 
20.66 

21 .92 
:::  39  23.19 


:   Lyme. 

18'  t II-. .-.:'..     (1  =  37    28'  59".9U     u'  =  +C.020. 

Proper  mol not   ipplied  I putcd  p  ic< 


I 

9 

B 

9 

B 

9 

B 

9 

1 

• 

i; 

7 

I 

7 

B 

7 

T 

9 

T 

9 

T 

9 

T 

9 

T 

'.i 

T 

9 

B 

9 

B 

9 

T 

9 

1! 

9 

.".7  28  5  1. os 

5  1.2S 
55.55 
57.10 
5  7.. ".5 
57.61 
57.89 
59.66 

29  19.67 

19.91 
21.18 

2  I.  os 
2  1.2s 

25.88 
26.12 
26.41 

2  6.5  7 


37  2s  54.23 

5.".. '.(2 
55. 12 
57.4.'! 
57. si 
57.13 
5  7.1  5 
59.62 

29  20.1  I 

20. 10 
20.75 
23.56 
24.66 

26.36 
26.57 
25.94 
26.96 


37  29  58.27  37  2!'  57.94 


0  Lyme. 

a  =  19*  12™  is  .40.         (I  

Proper  i 

1 

2.7        I         7    37  55  27.48  37  ■  <:>  27. or, 
s.7    |   B  |     7   37  :•::  2s  s:\:\:  :<:,  28.4  I 


Remarks 


i-    Mi 

15.7 
16.7 
17.6 
18.6 
23.6 
24.6 
31.4 

Aug. 
1.1 

6.4 

7,1 
21.4 
22,1 
- 

1.1 
3.3 
4.3 
5.3 
6.3 
15.3 

Oct 

2.3 
9.2 


16.7 
is. 7 
23.7 

i  6 

1.6 

5.6 
8.6 
11.6 

Sepl 

1.4 
3.4 

1.1 
5.1 
6.4 

7.1 

9.3 
11.3 


9  Lyme.     >  ontin. 

18'.40        A  =  37    55 
Propi  ■ 


B 

7 

I 

9 

1! 

6 

I 

9 

I 

9 

B 

6 

T 

9 

T 

9 

T 

9 

T 

9 

T 

9 

T 

9 

T 

:i 

B 

9 

T 

9 

B 

9 

T 

9 

T 

6 

T 

10 

T 

6 

37  55  30.30 
30.52 
30.76 
31.03 
32.46 
32.74 
53.18 

53.43 
54.59 
54.84 
58.08 
58.31 


56 


0.22 

0.51 

0.67 
0.85 
1.04 
2.18 


37  55  30.28 
30.74 
30.75 
30.79 
32.49 

53.90 
55.60 
54.76 
57.89 

58.67 


:■*; 


0.80 

L  .49 

59.93 

1.56 

2.1.3 


3.46  4.15 

37  56    3.81  37  ^^    4. no 


=  19"  .-.r    10  .86. 

Propel  in, -I 


22  Cygni. 

A  =  38    1"  34  .50     u    =  —ii". hi: 

not  applied  u>  computed  place*. 


1 

6 

1 

6 

I 

9 

I 

9 

1! 

7 

1 

9 

1? 

7 

T 

9 

15 

9 

T 

7 

B 

9 

T 

9 

B 

9 

r 

» • 

r 

10 

38  10  32.04 
32.48 
33.84 

36  07 
37.02 
37.33 

• 

2.57 
2.90 
3.1  1 
3.32 
3.54 
."..75 

7.58 


38  1  1 


38  10  31.72 
32.38 

.".."..7o 

36.38 

.".7.52 
.".7.6'.' 


1  1 


2.76 
3.10 
3.77 
2.38 

3.44 


=  211' 

16.7 

I 

7 

17.7 

B 

8 

is. 7 

I 

- 

1.7 

1 

9 

1  1.7 

i: 

- 

29.6 

1 

9 

B 

8 

26.4 

B 

9 

-  Cygni. 

A  =  S7     '■-'    17  .12 

12  15.16|37  82  14.68 
I  1.58 


19.21 
56.07 


33  is. 


190 


I'll  K     A  STRON  OMJ  ('  A  I.     JOL  L<  N  A  L. 


N°-  264. 


Date 

oip>r  Tbds  Computed  i) 

Observed  A 

Remarks 

Date 

Ib  i  •  •  i ■  ■  i ■  i « t •  -■  i  ■•     i  ibserved  A 

Remarks 

t  Cygni.  —  Contln. 

/  Lacertae.—  Contln. 

. 

n 

=  2I1 

1 7.27.        A  =87°  82'  47M2    \l'  =  +0*.460. 

I! 

=  22' 

hi"  52\59.        <>  = 

87    9'  59M8 

u!  =  — 0".00. 

2.4 
8.8 
9.8 
10.8 
16.8 
24.8 
26.8 

r 
B 
r 
B 
T 
B 
B 

9 

9 

10 
9 
9 
6 
it 

S7  33  21.90 
2 1'.. VI 
22.65 
22.65 
23.24 
23.98 
24.01 

37  38  21.36 
22.03 
22.57 
22.99 

23.07 
24.07 
23.63 

15.4 
16.4 

111.3 
21.3 
26.3 
30.3 
81.3 

Nov. 

B 

T 
1! 
15 
B 
T 
B 

9 

11 
9 
9 
9 

10 
7 

37  Ki  34.49 
84.62 
35.10 
85.76 
85.90 
36.1  1 
36.23 

87  1"  34.81 
34.41 
35. 62 
35.68 
37.05 
36.44 
36.10 

80.8 

T 

9 

24.08 

24.66 

1.3 

T 

9 

36.31 

36.14 

N,.v. 

1.8 
5.8 

7.:; 

r 

15 
15 

8 
9 

'.) 

21.1 9 
24.31 

21.27 

2  1.(11 
24.45 
24.99 

3.3 
5.3 
12.3 

T 
B 
B 

9 
9 

9 

86.53 
36.68 
36.81 

37.04 

36. 06 
36.72 

• 

1  1.2 

B 

5 

24.04 

24.93 

l  1.3 

B 

10 

36.88 

37.32 

15.2 

T 

5 

24.04 

23.91 

L5.8 

T 

9 

36.94 

36.97 

16.2 

B 

8 

24.03 

24.82 

17..'! 

T 

11 

87.03 

36.98 

17.-.' 

T 

8 

24.02 

24.53 

19.3 

B 

10 

37.06 

37.12 

19.2 

B 

11 

28.91 

21.7S 

27.2 

T 

9 

36.69 

36.10 

Dec 

30.2 

B 

9 

36.62 

3  7.92 

3.2 
6.2 

B 
T 

9 

9 

22.56 
22.05 

23.41 

22.2(1 

Dec. 

3.2 

B 

7 

36.47 

36.63 

12.2 

T 

6 

37  33  21.17 

37  33  21.27 

6.2 
11.2 

T 
T 

9 
9 

86.17 
37  In  35.82 

36.55 

37  10  36.10 

;?  ('!/</ n  i. 

(i  = 

=  21" 

29"  29«.90.         $  =  38°  00'  35".23     //'  =  +0".084. 

14  Andromedae. 

1883  June 

a 

=  23" 

35'"  82,.00.        A  =  3S:  35'  37*.08 

//'  =  — 0».077. 

2  1 . 6 

5 

38    0  43.38 

38    0  43.36 

l88SJulj 

Pr 

pel  tion  not  applied  to  computed  i 

2.6 

I 

44.39 

44.81 

10,7 

B 

9 

38  35  13.81 

38  35  1  1.05 

6.6 

I 

9 

45.65 

15.16 

13.7 

I 

9 

44.52 

13.67 

Sept. 

16.7 

I 

9 

15.88 

45.24 

20.  1 

B 

9 

1     7.20 

1     7.64 

17.7 

B 

7 

15.68 

1  1.88 

26.4 

B 

7 

8.52 

8.32 

25.6 

I 

9 

17.81 

46.77 

2.4 

T 

6 

9.39 

9.68 

26.6 

B 

5 

48.08 

4  7.35 

8.3 

B 

7 

10.45 

10.70 

30.6 

I 

9 

49  33 

49.67 

10.3 

B 

8 

10.70 

11.62 

31.6 

Aug. 

2.6 

I 

9 

19.65 

50.21 

11.3 

T 

8 

10.80 

11.59 

I 

9 

50.26 

50.37 

16.3 

T 

6 

11.18 

11.87 

Oct 

19.8 

B 

8 

11.70 

13.06 

S.4 

B 

9 

36    8.14 

36    8.36 

24.3 

B 

6 

12.18 

13.22 

9.4 

T 

11 

8.36               8.59 

30.3 

T 

8 

12.39 

13.05 

10.4 

B 

8 

8.57               8.43 

Nov. 

15.4 

B 

9 

9.42               !i.72 

1.3 

T 

8 

12.50 

13.27 

16.4 

T 

11 

9.59               H.44 

3.3 

T 

8 

12.73 

13.22 

19.4 

B 

11 

10.20            10.50 

5.3 

B 

7 

12.73 

13.41 

24.4 

B 

9 

11.15             11.84 

7.:; 

B 

8 

12.73 

12.68 

26.4 

B 

9 

11.40             11.66 

12.3 

B 

9 

12.60 

13.17 

31.4 

B 

6 

11.98             10.80 

17.2 

"T 

6 

38    1  12.65 

38     1   13.23 

< 

L4 

T 

9 

12.12             12.74 

1  Lacertae. 

3.4 

T 

9 

12.44              12.33 

rt 

=  22 

'  10™  52".59.         6  =  .17    9'  59M3     n<  =  — 0".00. 

5.4 

B 

9 

12.74              12.50 

1833  June 

12.3 

B 

8 

13.32             13.56 

29.7 

I 

9 

37  10    6.22 

37  1"    5.42 

14.3 

B 

8 

13.50             13.10 

July 

2.6 
6.6 

I 
I 

9 
9 

7.16 
8.36 

6.46 
7.40 

15.3 

17.3 

T 
T 

9 

9 

13.61              13.59 
13.83             13.S4 

S,.|>t. 

19.3 

B 

8 

14.01              14.11 

26.4 

B 

6 

31.36 

31.63 

27.3 

T 

9 

14.17             14.68 

27.4 

T 

10 

31.58 

31.41 

28.3 

B 

6 

14.20             14.10 

28.4 

B 

9 

31.71 

31.00 

30.3 

B 

5 

14.30             15.42 

2.C4 

T 

8 

32.36 

32. 23 

Dec. 

4.3 

T 

9 

14.38             14.34 

8.4 

B 

9 

33.55 

33.32 

6.3 

T 

9 

1  1.33 

14.40 

9.4 

T 

9 

33.72 

33.51 

11.3 

T 

9 

14.13 

14.06 

10.4 

B 

9 

37  10  33.87 

37  10  33.92 

12.3 

B 

> 

38  36  14.1? 

38  36  14.36 

N"  264. 


Til  K     A  STR0N0M1CAL     JOURNAL. 


I'M 


Date    Obsr  Thds  Computed  6    Observed  i 


Date    '  Ibsr  Thds  I  i  >m|  ate 


Remarks 


Bradley  294. 

i  -  .         6  =  38°  29 

Proper  motion  not  applied   I 


Com  p.  to  59  Androm. 

\-j     „•  —  —0,022. 


18.3 
19.3 
26.3 
28.3 

li'.  7 

19!  I 
27.4 
28.4 

.so.  4 

l)rc. 

3.4 
5.4 
6.4 


B 

7 

I 

9 

I 

9 

B 

9 

I 

9 

T 

4 

B 

9 

T 

9 

B 

in 

B 

8 

B 

9 

T 

9 

38  29  36.77)38  29  36.59 
36.79  36.17 

37.18  37.41 

37.28  36.86 


29.36 

18.55 

49.33 
19.52 

l:i.77 


2:i.21 


48, 
49. 
49. 
;->(>, 

50.18  50. 

50.41J  ■''"■ 

38  29  50.50138  2:1  50. 


10.4 

B 

11.4 

T 

21.3 

B 

27.:; 

T 

28.3 

B 

29.3 

T 

l^M.lan. 

2.3 

B 

6.3 

T 

9.3 

15 

17.3 

T 

21.3 

B 

22.2 

T 

Bradley  •i'J4.  —  Contin. 

■ 

-      I        ?4|38  5 
9 
9 
9 


50.80 

51.58 

51.47 

51.70 

52.03 

51.73 

51.66 

51.82 

51 .55 

52.4  1 

52.25 

51.85 

51.32 

51.60 

5  1.57 

51.4  8 

51.28 

9 
9 

9  51.41  38  29  51.44 


The  following  additional  observations  have  been  found  since  the  preceding  ones  were  arranged 


n  dndromi  dot . 

188 

1  Dec.  7.3 

37"  52'   6".91 

37    52'    5' 

.61 

.t  I/.rrulis.   1883  Julv  21.4 

36°  56' 44' 

.60 

.1  1 

1 150  1  rroomb., 

Feb.  26.4 

38   21  48  .76 

38    24   49 

.09 

0  Herculis,            June  27.5 

37    16     9 

.17 

37    16     8 

in  Leonis  min., 

Mar.  14.4 

36   54   17  .06 

36  54    )»: 

.50 

"                   Sept.  6.3 

2:: 

.71 

2:: 

.-2 

" 

21.4 

48  .04 

18 

.03 

6365  B.A.G.,       Apr.  27.7 

38     15    25 

.51 

38     15    24 

.1:- 

24.4 

18  .54 

47 

.66 

July  31.4 

52 

10 

52 

•_>.-, 

OBSERVATIONS   OF   COMETS, 

MADE    WITH    TI1K    15-INCH    EQUATORIAL    or    THE    HARVARD    COLLEGE    OBSERVATORY, 

By  <i.  C.  WENDELL,  Assistant. 
[Communicated  by  Professor  Edward  C.  Pickering,  Director.] 


1891  Cambridge  M.T. 


Comp. 


&- 


Ja 


IS 


!  parent 


for  a 


Comet  1891    II. 


Sept. 


Nov. 

Dec. 


'.Ian. 


Oct. 

Nov. 


Mar. 


Mar. 


1    i: 


12 


•J  11 

111  1  1 

12  1 

14  11 

ll'»  11 

26  11 

24  in  .".2 

8  in  .",7 

•j-  9    in 

211  in    in 


20    16   5  1      II 
29  16  50    12 


1:1     9    12  35 

21     9  3:;   1  1 


:,:\ 

l 

5 

0 

>2 

0 

•_> 

3 

5 

20 

4 

5 

22 

5 

5 

4 

6 

5 

is 

7 

5 

5(1 

8 

5 

2'.l 

:i 

5 

.",:; 

10 

5 

+  1   31.28 

—  1    33.51 

-  1  22.92 
4  11  33.61 
— 0  39.27 

8.29 
37.16 
1  1 ,83 
24.60 


+  12   18.6 

—  1    12.:; 

—  7  28.1 


—  4 


—  1 

—  1 
+  1 

—  1 


-   0   51.5(1       — 


15.2 
36.1 

o.7 

.".7.7 

7.(1 

2.9 

11.1 


:;  5i  33.30 

:;  :.:',  37.43 

57  31.38 

1  19.40 

5  0.11 

21  11.2:; 

28  :<:■■.■■■* 

19  5  1.71 

1 1  21..;  I 

21  1.7:' 


22  :;i 

22  1  t 

21  35 

2.'  5  1 

2ii  in 

16  1 

11  .Mi 

1  1  22 

1  1  29 
1141 


28.5 

53.1 
4  1 .8 

:;.:i 
12.:; 
38.9 
17.5 

5.:  1 
51.:; 

5.4 


Com  1  d  1891    1  /'•    ..  ■  '-Swift)  =  1891  V 


8  :;i    18 

1  1 

5 

11      CM 

12 

5 

8   11    11 

I.', 

5 

s  30  56 

1  1 

I'. 

s  46    18 

15 

."1 

8  21   :;i 

111 

5 

•  1  30.37 

—2  11.68 

—  1  5.96 
4-1  7.66 

,1  |8.04 

—  2  7.77 


—  10 

3.2 

•    1 

55.5 

—  5 

11.1; 

30.3 

+  1:; 

7.6 

+    2 

11.:' 

21  i<;  55,-j  1 

21  28  5  2.1;:  1 

21  :;i  22J.2 

21  ::i  12.:;:i 

21  in  1  1.68 

2::  1.:  is. 7:1 


+   5    in   15.8 


+ 


+    7  50  31.7 


8  14    2:;. 7 

9  :;    15.9 


n9.660 
»9.190 
»7.968 


9.293 
9.249 


0.702 
0.709 

0.618 
0.61  1 

- 


■f  19  32  29.1        9.272 


19 
20 


Com  1  ■•■  1892      S 

—  0  34.01      —  6  24.3  20  -18    16   11.8 

+  1  :,r,.:,c,     +  2  .v.'.:;  20   in  21..  ■  2.2.7 

(..Mil-  '   ~  ,;/1 

—  1      2.77      —11    5s.|  22    17  39.51        -  59    I 

+  2  48.88      J~   ;;    i:;.s  ^  .,  1 


0.817 


- 


192 


1  II  I.     A  STRONOMICAL     JOUUN  A  L. 


N     264. 


.1/.  mi   Places  for  1891.0  and  1892.0  of  Comparison- Stars. 


Bed.  i" 

8 

* 

a 

app.  place 

app.  place 

Authority 

1 

0.24 

+  l!78 

'  22  22     0.7 

+   9.2 

Rumki  i    3    1038 

2 

3  55     9.15 

+  1.79 

■  22    16  26.2 

+    9.2 

3"  1 

8 

8  58  52.46 

H  1.84 

1  21    12  55.4 

'    9.5 

W  Bessel   111    1215 

1 

I     0    13.90 

t  1.89 

+  21)  58     9.1 

+  10.0 

III    1266 

■  > 

1     5  37.47 

+  1 .94 

+  20  12  38.0 

+  10.4 

7  comps.  with  B.B.  VI.    I  20     704 

6 

1   22     6.42 

+  2.10 

+  16     3  27.8 

+  11.8 

Piazzi   IV  86 

7 

1   30  27.43 

+  .",.11 

—  11    17  52.9 

+  1.-1.1 

Scbjellerup  1471. 

8 

1    18  39.69 

1  8.19 

—  11    16     9.5 

+  1(1.6 

W.Beseel   IV  346 

it 

1    15    12.72 

1  3.22 

—  11   28  55.4 

1    6.9 

IV  282 

in 

4   21   56.05 

1  0.30 

—  11  ;;:;  50.3 

—     1.0 

IV    126 

1  1 

21    15  23.08 

+  1.76 

+  5  50     6.2 

+  12.8 

B.B.   VI    +5°  4761 

12 

21   :;i     2.63 

+  1.74 

+   7  23  58.4 

+  13.9 

W.Bessel  XXI  6.92 

13 

21   32  26.25 

+  1.7:; 

+    7  55  59.3 

+  14.0 

XXI   723 

1  1 

21  33     3.01 

+  1.72 

+   8     5  39.2 

+  14.2 

XXI   745 

15 

21   40  57.98 

+  1.74 

+   8  -"-il  23.6 

+  14.7 

XXI   946 

16 

23  18  21.57 

+  1.99 

+  19  29  26.4 

+  20.8 

Riimker  LI  109. 

17 

20     :;  28.79 

—0.71 

—  18  89  39.1 

—  8.4 

Oe.Arg.  20274-5 

18 

20  38  25.73 

—0.63 

—  9   26   14.4 

—  10.(1 

Scbjellerup  8246 

19 

22    18  45.15 

—2.8*7 

+  59  .".1   85.6 

—  11.9 

Oe.Arg.  24834   6 

l'ii 

22  57   13.99 
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—10.3 
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American  Epbemeris,  1892 

Ast.  Ges.  (  Albany)  7535 

^(Seeliger,  Vol.  I,  29471+Lamont  6137) 

!.(Seeliger,  Vol.  I,  29482  +  Lamout  6139) 

Observations  mi  April  16  stopped  by  clouds. 
\  comparison  with  the  ephemeris  in  A.J.,  no.  262,  u;ives  the  errors 
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ON    TIIH   CHIEF   CAUSE    OF    THE    ANOMALIES    IN     INK    LIGHT- VAKIATIONS 

OF    )'  CYGJSTI, 

r,\  \.  c 
Since  obtaining  the  first  observations  "T  this  star  in  April, 
1891,  I  have  observed  it  as  often  as  possible,  and  liave  al 
present  observations    in   every   month    from   April    1891    i<> 

April  L892,  inclusive,  except  the  summer  iths,  .May,  June 

ami  July.  By  the  end  of  February  of  this  year,  the  evening 
observations  nevertheless  had  retrograded  too  far  into  the  twi- 
light to  permit  their  continuance.  In  the  discussion  of  the' 
whole  material  from  observation,  however,  it  became  evident 
that  a  systematic  difference  must  be  assumed  between  the  even 
and  the  odd  epochs,  so  that  the  interval  of  time,  between  an 
even  epoch  and  the  next  following  uneven  one,  amounts,  not 
to  l'1  12h,  but  only  to  about  ld  8h.5  ;  while,  inversely,  the  in- 
terval from  an  odd  epoch  to  the  succeeding  even  one.  is  ld 
15''.5.  Were  this  assumption  correct,  observations  of  the 
odd  epochs  could  be  successfully  made  during  the  morning 
hours  in  March.  This  proved,  in  fart,  correct,  and  I  was 
enabled  to  determine  a  minimum-epoch.  March  20,  and  also 
two  others  on  March  1'it  and  April  I.  The  whole  number 
of  minima  determined  by  me  amount,  therefore,  to  27.  as 

follows  : 
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Besides  tin-  above,  I  have  received  four  other  observa- 
tions;   namely,  one  by  tin-   assistant  of    this  observatorv, 

(and.    NOKDENHARK,    who    observed    with    me.    but     without 

knowing  anything  as  to  the  record  of  my  own  observations, 
and  three  by  Mr.  I't  issman,  w  ho  has  kindly  sent  them  to  me. 
These  epochs  determined  by  other  astronomers  were  very 
welcome,  as  they  show  that  my  observations  do  not  essen- 
tially differ  from  theirs. 

Td  pa>s  now  tn  the  correction  of  the  elements.  I  have  re- 
duced all  the  observations,  known  tn  me.  to  the  sun  and  to 
Greenwich  mean  time:  ami  have  compared  them  with  the 
following  approximate  elements  : 

1886,     343d.4684   +    IM98124  K  1 

This  comparison  gave  the  following  differei  • 
observation  and  calculation  : 
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1268       2243.237         +0.147  " 

1270       2210. 2:;:.  +0.148 


1287       2271.519       (-  0.036  I 
1298''     2280.467         ^-0.077 
1207       2286.465         —0.071 


Duner 


In  the  subsequenl  discussion  I  have  excluded  the  minimum- 
epoch  1287,  since  this  is  unquestionably  erroneous;  and  the 
number  of  the  other  odd  epochs  is  so  small  that  ii-  use 
would  nol  be  wholly  without  detrimental  effect.  This  ex- 
clusion Ikis  no  marked  influence  cm  the  result. 

Grouping  the  differences  as  indicated  by  the  horizontal 
lines,  I  have  found  the  following  normal  deviations,  sepa- 
rating those  for  the  even  and  for  tli<j  odd  epochs. 
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174 
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212 

—  li. Ii7l 

G70 

—0.041 

Toil 

—0.060 

72  1 

1  295 
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These  figures  appear  to  indicate  with  certainty,  thai   the 
even  epochs  deviate  on  the  positive  side,  and  the  odd  epochs 

on  the  negative.      I  have  therefore  formed  equations  of  con- 
dition, introducing  the  unknown  quantities 

x  =  correction  of  the  principal  epoch, 

y  z=  correction  of  the  period, 
±  z  =  constant  deviation  of  the  even  from  the  odd  minima. 

The  solution  of  these  equations  gave  the  following  values 
of  the  unknown  quantities  : 

x  =  — 0a.0255  .     y  =   +  0d.000047  .     z  —  +0d.071  I 

The  residuals  appear  to  indicate',  even  if  not  with  greal 
certainty,  that  the  numerical  value  of  z  is  not  constant,  but 
slowly  increasing.  I  have  therefore  determined  the  value 
of  dz,  excluding  the  normal  difference  for  P.p.  952,  which  is 
inconsistent  with  the  other  observations;  and  thus  find, 
dz  =  +0'1. 000037 

According  to  this  investigation  the  elements  of  the  star's 
period  are. 
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The  elements  II  and  III  leave  the  f 
the  normal  minima. 

Epoch  II 

12  —0.055  —0.027 

174  +0.016  —0.007 

212  +0.017  —0.019 

404  —0.003  +0.012 

139  +0.033  +0.046 

676  +0.024  +0.020 

700  +0.004  +0.001 

724  —0.019  —0.021 

952  —0.092  —0.098 

1062  +0.020  +0.010 

1148  +0.007  —0.006 

1176  +U.017  +0.003 

1193  +0.022  +0.008 

1232  +0.014  —0.003 

1266  +0.035  +0.017 

[295  — O.037  —0.019 

The  squares  of  the  sums  of  these  errors  (always  excluding 

Ep.  952)  are. 

fjsing  Formula  II,     0d.009513:  Formula  [II,  0d.  005 109 

We  now  proceed  to  the  discussion  of  the  above  results. 

We  see  in  the  first  place  that  the  constancy  of  the  devi- 
ations, from  Ep.  1058  to  Ep.  1270,  inclusive,  and  next,  that 
the  sudden  transition  from  the  considerable  positive  devi- 
ations of  these  epochs,  by  Formula  1 .  to  the  also  considerable 
negative  deviations  of  the  minima  in  March  and  April,  1892, 
exclude  the  possibility  of  representing  the  differences  by  a 
periodical  function,  as  Mr.  Yendell  lias  previously  en- 
deavored to  do.  [f  we  therefore  adhere  to  the  assumption 
of  a  systematic  difference  between  the  even  and  odd  epochs, 
it  is  manifest  that  it  would  be  scarcely  possible  to  explain 
these  differences  otherwise  than  by  the  supposition  that  the 
star  )'  Cygni  consists  of  two  equally  large  and  bright  com- 
ponents, which  revolve  around  their  common  center  of 
gravity  in  an  elliptic  orbit,  with  a  period  of  revolution  of 
'-"'  23b  54™  II  .  The  perihelion  passages  occur  between  the 
even  and  the  odd  epochs.  !  have  already  indicated,  in  a 
letter  to  Dr.  Scheiner  (A.N.  8082,  p.  159)  that  such  an 
arrangement  in  stars  of  the  Algol-type  suffices  to  explain  the 
variability,  on  the  supposition  (which  corresponds  to  the 
fact  in  the  case  of    F  Gygtli),  that  the  amplitude  of  the  vari- 


ation amounts  at    most    to  0  '.8.      1    remark    further   that   the 
eccentricity  of  the  requisite  orbit  is  but  moderate.     A  value 

Of  0.1  would  be  more  than  enough  to  explain  the  ol 
lions  yet  made,  should  the  variability  of  Z,  at  present  only 
suspected,  be  in  future  demonstrated  as  real,  this  fact  could 
also  be  very  easily  explained.  It  would  be  required  only  to 
suppose  a  third  body,  dark  or  only  slightly  luminous,  which 
should  cause  a  perturbation  in  the  position  of  the  line  of 
apsides,  such  as  we  recognize  in  the  planet- and  sate! 
our  solar  sj  stem. 

In  order  to  adduce  whatever  tends  to  contradict  the  above 
assumption  as  to  the  constitution  of   Y Cygni,  I  musl 
mention    the   normal    observation    Ep.  952.       This    depends 
upon  four  observations  of  Mr.  Yendell,  all  of  them  appa- 
rently trustworthy.     I   must  admit  that   the  discordance  of 
these   observations  of   Mr.  YENDELL   is   inexplicable   to   me. 
and  makes  the  correctness,  or  rather  the  completeness,  of 
the  above  explanation  of  the  anomalies    in    the  variati 
Y Cygni,  -till  somewhat  doubtful.     But  I  cannot  omit  to 
mention  also  a  fact  which  supports  it.     On  the  evening  of 
Oct.  31,   Y Cygni  when  first  seen  was  taint.     When  it  be- 
came sufficiently  dark,  the  star  appeared  but  little  brighter 
than  at  minimum:  but   it  was  already  rapidly  increasii 
it  is  therefore  not  possible  to  deduce  a  sharp  minimum-epoch 

from  my  estimates.    The  observations  obtained  s 

theless,  that  the  minimum  occurred  at  ab  Cpsala 

M.T.,  certainly  not   later  than    I    -  I    .     'i  .  •   the  i — ■  t > •  1 1  i i x- 

that    it    had    already    occurred    at     I  '  .V  .  i-    lv  no    means   ex- 
cluded.     Adopting    I     l'.i ' .  we  have,  in   heliocentric  G 
M.T.. 

Ep.  949,     Mm.  1765*.1S3 

Formula  III  gives,  for  Ep.  949,  the  minimum  at  170" 
thus  agreeing  almost   exactly   with   the   above   value,   while 
differing  greatly  from  that  deduced  by  Mr.  Yeni>eli    from 
contemporary  even  epochs,  and  from  all  even  epochs,  on  the 

ive  side,  and  from  the  normal  minimum  b_v 
also  "a  ill'  i"  gativt  side. 

This  also  shows  with  great  certainty  that  there  then  i  \ 

a  considerable  difference  i"  tweeu  the  i  ven  ami  odd  .  . 
The  accurate  agreement   of  mj   observations  vvith  clement- 
Ill  is  also  certainly  worthy  of  attention. 
Taking  everything  into  account,  1  cannot   doubt   ll 

explanation  abovi     u  ven   of   the   anomalies  in  tin'  light-vari- 
ation   of    YCygni   is.    in   the   main,   correct.      I'.v    it    • 
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baa  become  mucb  more  interesting,  especially  in  case  the 

variability  of  tbe  quantity  z  >l Id  be  confirmed.     It  would 

tben  be  possible  to  determine  by  photometric  observations, 
ii, ,1  merch  Ijie  true  form  of  tbe  orbits  described  by  tbe  com- 

ponents,  but  also  tbe  an it  of  a  perturbation. 

Ii   is   therefore   to  be  hoped  thai    E peau  astroi lers 

will   devote  s iwhal   more  attention   to  this  star,   in  the 

present  year,  than  they  have  d< hitherto.    All  observations 

of  tin1  variable  stars  become  impracticable  here  by  the  mid- 
dle of  May,  and  it  will  not   be  possible  to  observe   I    I 
again  until  the  late  months  of  the  autumn.     To  facilitate 

observati 1  give  the  following  ephemeris,  deduced  from 

Formula  III.  and  expressed  in  Greenwich  meantime.  1  re- 
mark, furthermore,  that  according  t<>  the  latest  observa- 
tions obtained  here,  it  is  probable  thai  the  minima  will  occur 
about  half  an  hum-  earlier. 

Upsala,  1892  April  9. 
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Since  finishing  tbe  preceding  computations  I  have  obi 
still  another  epoch  of  minimum  ;  namely, 

1892  April  7'1  12"  ."."'.i'  [Jpsala  M.T.         ()  — ('  =  — 0".O26 

which  accords  well  with  the  other  epochs  observed  this  year. 
This  minimum  appears  to  be  the  best  of  all  those  determined 
this  year. 


NOTES   OX   DOUBLE   STARS  (I). 
By  a.  HALL. 

In  closiug  my  observations  of  double  stars  at  the  Naval     general  equation  of  a  parabola,  and  this  assumption  shows 
Observatory,  it   was  my  intention  to  make  computations  on     only  the  curvature  of  the  apparent  path,  or  its  departure 

the  motions  of  some  of  the  more  interesting  pairs,  but  (Inline-  from  a  right  line.  Assuming  the  common  law  of  gravitation 
the  last  year  other  matters  prevented  this  being  done.  I  between  the  stars,  the  real  curve  of  motion  may  be  found  by 
now  undertake  to  carry  out  this  purpose,  and  begiu  with  the  usual  method  of  substituting  in  the  general  equation  of 
stars  that  have  slow  motions,  and  those  whose  binary  char-     the  second  degree  the  observed  values  of  the  coordinates. 

and  then  finding,  by  the  method  of  least  squares,  the  values 
of  the  five  constant-  of  that  equation  ;  from  which  the  conic 
section  will  follow.  But  this  method  is  laborious,  and  hardly 
worth  undertaking  until  a  large  part  of  the  orliit  lias  been 
described.  In  this  kind  ol  work  the  errors  of  observation 
bear  such  a  great  ratio  to  the  quantities  measured  that  a 
graphical  method  is  generally  useful  and  well  worth  trying. 
In  the  following  computations  the  angles  are  reduced  to 
1860,  which  is  taken  as  the  epoch.  The  preliminary  trials 
and  formulas  are  omitted,  and  only  the  observed  quantities 
and  the  final  results  are  given.  The  first  of  the  Observed 
positions  are  nearly  always  taken  from  W.  StrCVE,  and  the 
last  depend  on  my  own  observations.  The  intermediate 
positions  are  generally  taken  from  ().  Struve,  DeMBOWSKI, 
Duner  and  Dawes. 


aetei  is  becoming  apparent  from  the  observations.  Some 
of  these  stars,  like  2H26,  and  others,  have  extremely  slow 
motions  and  need  no  computation,  but  deserve  the  attention 
of  observers  occasionally,  especially  if  the  distance  is  dimin- 
ishing so  that  the  angular  motio ay  become  rapid  in  a  few 

years. 

Since,  iii  the  case  of  slowly  moving  stars,  means  with  re- 
spect to  the  time  may  be  taken,  in  order  to  represent  these 
motions,  1  have  formed  what  may  he  called  normal  positions 
in  angle  and  distance,  always  beginning  when  possible  with 
the  observations  of  W.  Stri  ve,  whose  work  marks  an  epoch 
in  this  branch  of  stellar  astronomy.  The  rectangular  co- 
ordinates corresponding  to  these  normals  were  then  com- 
puted, and  a  rectilinear  motion  of  the  stars  was  assumed, 
ly  the  equations, 


=  A  +  Bl 


y  =  A'  +  B't 


If  these  expressions  satisfy  the  observations,  the  stars  are 

bly  optically  double.      But  generally  this  assumption  is 

not   sufficient,   and  it  is  necessary  to  introduce  the  second 

power  of  the  time,  so  that  the  values  of  the  coordinates  are 

Of  the  form. 

x  =  A  +  Bt+  <  7 
y  =  A'+  B't  +  ("i 

If  from  these  equations  we  eliminate  the  time,  we  get  the 


36  Andromedae  =  .17.;. 
The  binary   character   of    this    star   was    pointed    out    by 
W.  Strove,  but  the  motion  is  very  *low.     The  final  equa- 
tions for  the  coordinates  are 


s  sinp  =  — 0".391  +  (0".01">7)[<— 1860.0] 

+  (0".oooi: 


')[i— 1S60.0J- 


S  COSJ) 


+  1".211  +  (0".01 1 7)  [t— 1860.0] 

— (0".000  449 )  [<— 1860.0]-' 
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An  ephemeris,  computed  from  the  above  equations,  indi- 
cates that  the  distance  is  diminishing,  and  we  may  soon 
expect  a  greater  motion  in  angle. 

a  Piscium  =  .£202. 

This  star  was  observed  by  W.  Hebschel  in  1780,  and  its 

motion  has  given  computers  some  trouble.     I  find  that  the  ob- 

servations  since  1830  can  be  well  represented  by  a  right  line. 

s  smp  —  — 1".750  —  (0".0083)[t— 1860.0] 

scosp  =  +2". 784  —  (0".0180)[«— 1860.0] 


Date 

P            s 

y 

C  —  O 

Sx 

Ju 

1831.10 
1841.70 
1853.46 
1862.56 
1872.08 
1887.49 
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.T228. 
Within  recent  years  the  motion  of  this  star  has  iucreased, 
and  about  one-half  of  the  apparent  ellipse  has  now  been 
described.  After  a  few  years,  therefore,  an  orbit  may  be 
computed,  and  the  period  will  probably  not  much  exceed  loo 
years.  In  the  following  table  the  hist  five  positions  depend 
on  my  observations ;  and  as  they  show  a  great  motion  in 
angle,  I  hope  other  observers  will  continue  the  measures. 
The  parabolic  formulas  for  the  apparent  motion  are, 

s  siap  =  —  0".9l9  +  (0".021 10)  [i— 1860.0] 

+  (0". 586  i   ■      i  360  0 

scos23  =  +0".299  +  (0".00781  ||  I     I860  0 

—  (0".000  230)[1    -i- 


Date 

V 

, 

Jx 

Jy 

L  831.46 

2  6  2°.  2  6 

1.1, so 

—  1.070 

—o.l  15 

■  0.034 

i  -  i.i  15 

275.68  0.960 

0.955 

— o.oi.s 

1  0.037 

1857.20  284.08  0.963 

0.934 

0.234 

0.040 

t  0.041 

1866.07   291.57 

0.950 

0.883 

0.349 

+  0.111        o.on 

1869.48   299.48 

0.715 

0.622 

0.352 

0.044       i 0 

1875.05   310.32 

0.625 

0.177 

0.404 

0.091        0.039 

1877.12  318.51 

0.  i40 

0.392 

0.372 

|  0.006       0.006 

1881.96  336.16 

0.410 

—0.166 

i).:;:;, 

—0.007  —0.015 

18.S9.00      26.70 

0.434 

+  0.19."! 

0.388 

0.009   -  -0.056 

1889.98     41.48 

0.430 

0.285 

0.322 

0     il     1-0.004 

1890.94     51.17 

0.330 

+  0.257 

+  0.207 

038   +0.111 

'      tor  —  1  I  llo. 

This  stai  is  one  of  the  most  noted  of  the  double  stars,  and 
one  of  those  which  turned  W.  Hi  ns<  hi  i  -  attention  to  the 
theory  of  their  motions.  BkaDI.EY's  position  of  1719  may 
be  used,  and  compared  with  recent  observatioi 
of  apparent  motion  in  angle,  still  the  computed  orbits  have 
been  of  the  most  discordant  kind,  ranging  from  the  ell 
.1.  Hebschel,  which  puts  the  stars  in  periastron  in  1856,  at  a 
distance  of  0".7,  to  the  hyperbolas  of  J.  M.  Wilson,  with 
eccentricities  from  1.6  to  3.2.  The  recenl  calculation-  ol 
Tiuki.k  and  Dobekck  give  an  ellipse  with  eccentricity  of  0.3, 
and  a  period  of  1000  years.  Probably  these  results  are 
more  nearly  correct.  In  this  case  both  components  are 
bright,  and  this  condition  has  apparently  introduced  large 
personal  errors  into  the  measurements,  since  the  time  of 
W.  Struve  the  observations  can  be  represented  by  the  fol- 
lowing formulas  : 

s  sinp  =  —4". 794  —  (0".0008)[<— 181 

+  (0".000368  5)[«— 1860.0]5 

scosf)  =  —  2".41S—  (0".oi9  I  )[<— 1860.0] 

+  (0".000  178  5)  [t— 181 


c- 

0 

Date           p 

J* 

1826  22   262.75 

i.im 

L369 

—0.556 

+o!oi6 

1832.08   258.82 

4.494 

1.409 

0.871 

—0.076 

—0.024 

1840.89   253.41 

1.895 

1.691 

1.398 

- 

—0.006 

1847.60   249.86 

5.035 

1.727 

1.734 

0. 

■ 

1852.95   246.16 

5.320 

4.866 

2.150 

+0.096 

1863.03   211.72 

5.369 

1 .  72S 

2.544 

—0.017 

1871.27   238.66 

5.463 

1.666 

2.841 

—0.090 

—0.106 

1878.77   234.1  1 

5.749 

1.657 

3.370 

-    0.022 

1884.30   233.36 

1.71  1 

3.528 

+0.149 

1890.74    229.77 

5.783 

—4.415 

— :;.7."..-| 

- 

ZCancri  =  1  1 196. 

This  multiple  star  forms  a  remarkable  system.  The  three 
stars  are  of  nearly  equal  brightness.  A  and  B  revolve  around 
each  other  in  62  years.  The  star  C  has  a  si..w  retrograde 
motion,  but  this  motion  i-  nol  uniform.     It  baits,  and  even 

becomes  direct  for  a  few  year-,  and  then  again  resumes  its 
retrograde  course.  To  account  for  1 1 1 i .-  anomaly  0.  Stri  VI 
proposed  the  theory  of  a  dark  body  near  (':  this  star  and 
the  dark  body  revolving  around  their  center  of  gravity  in  18 
Professoi  Seeligeh  has  made  an  elaborate  investi- 
gation of  this  problem  of  four  bodies,  and  tinds  the  theory 
of  Struts  confirmed.     My  observations  extend  from  18   - 

1891,    and    1    have    compared    them    with    SeeLIGKR'S    theory. 

The  observations  of  0  are  referred  ;->  the  mean  of  -t  and  />'. 
and  when  we  consider  ihe  difficulty  of  such  measurements, 
and  the  opportunity  for  personal  errors,  the  theory  is  sat- 
isfactory. This  star  i-  well  worth  the  attention  of  ob- 
servers. 
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1878.82 

102.80 

0.818 

1.  IT 

—0.093 

130.43 

5  363 

+  1.16 

—0.100 

1880.21 

85.20 

0.61  l 

+  2.20 

+0.164 

131.94 

5.490 

+  0.01 

—0.188 

1881.80 

79.00 

0.710 

t  1.57 

+  0.1H1 

131.03 

5.583 

I  0.70 

—0.104 

1882.20 

73.85 

0.792 

+  l'.95 

■  0.043 

131.52 

5.612 

—0.24 

0.1 18 

1888.31 

66.38 

0.825 

+  2.8.". 

+0.040 

129.70 

5.592 

1  0.75 

—0.025 

IN.SI.27 

64.46 

0.882 

—0.16 

+0.008 

126.08 

5.650 

1  3.41 

—0.032 

1886.28 

54.98 

1.030 

—0.17 

—0.095 

125.75 

5.625 

+  1.48 

+  0.OI2 

1887.24 

50.88 

0.895 

+  0.21 

+0.060 

126.45 

5.620 

0.37 

+0.045 

1888.25 

16.55 

1.028 

—0.18 

—O.o;,:; 

123.62 

."1  .  ."1  1  ."1 

+  1.29 

+  0.0:1:1 

1889.23 

43.60 

0.986 

—  1.16 

+0.006 

123.40 

5.705 

+  0.3H 

—0.o:n 

1890.28 

36.88 

0.995 

+  1.53 

+0.014 

1  23.00 

5 .457 

—0.37 

+  0.IO3 

1891.22 

35.68 

1.042 

—0.70 

—  O.Ol'.l 

122.3i; 

5.504 

—0.70 

+  O.001 

Til 


RUTHERFURD  PHOTOGRAPHIC    MEASURES  OF   THE  STARS   A.BOUT 

H  CYGNI. 


Hy    llAliiil.l)   JACOBY. 


The  following  table  contains  a  list  of  the  stars  surround- 
ing fi  Cygni,  as  determined  from  a  discussion  of  Mr.  Ruth- 
erfurd's  photographic  measures.  Considerable  time  must 
elapse  before  this  discussion  can  be  published,  and  it.  has 
therefore  appeared  desirable  to  communicate  the  present 
catalogue  wil  houl  delay.  The  measures  were  all  made  under 
Mr.  Rutherford's  direction,  with  his  improved  machine, 
provided   with  a  scale    for   measuring  the   distances.     Six 

plates  were  taken,  with  two  exposures  on    each    plate.      The 

dates  were  1875  duly  26  for  three  plates,  and  INT.")  Sept.  20 
for  the  other  three.  The  scale-value  employed  has  been 
derived  from  a  careful  comparison  of  Mr.  Rutherford's 
Heiodes-measures,  with  places  interpolated  from  the  Vale 
and  Konigsberg  heliometer  determinations.  Ten  Pleiades- 
plates  taken  between  1872  Jan.  and   187  1   Nov.  were  used 

for  this  purpose,  and  if  we   consider   the   scale   value  as  i - 

slant,  then  ten  plates  give 

1  division  of  scale  =  28". 0121    ±0". 00071. 

This  probable  error  corresponds  to  0".025  per  1000". 
The  details  of  this  scale-value  determination  form  part  of 
a  paper  on  the  Pleiades  which  is  now  in  press,  and  will  soon 
hi  published  by  the  New  York  Academy  of  Sciences.  The 
same  paper  will  furnish  the  data  necessary  to  form  an 
opinion  as  to  the  accuracy  of  Mr.  ROTHERFDRD'S  later  de- 
terminations ;  here  it  is  only  necessary  to  say  that  the 
coordinates  of  the  following  table  possess  an  average  relia- 
bility within  about  0".2.  It  is  therefore  to  be  hoped  that 
some  of  the  observatories  having  the  necessary  appliances 


will  photograph  and  measure  these  stars  again  during  the 
next,  few  years. 

In  (he  table  I  have  adopted  for  @  Cygni  (no.  19)  the 
place  given  by  Auwers  in  the  Fundamental-Catalog.     The 

precessions  and  secular  variations  depend  upon  the  con- 
stants of  Strove,  and  were  computed  with  the  aid  of  Folie's 
tables.  The  magnitudes  are  ArGELANDEr's,  and  the  last 
column  gives  the  corresponding  number  in  his  Durchmus- 
tcniiiij. 

Several  stars  occur  on  the  plates  that  are  not  in  Akoki.an- 
der,  and  several  of  ArGELANDEr's  stars  are  lacking  on  the 
plates.  Some  photographs  of  the  region  were  accordingly 
made  by  Mr.  MONELL  ami  myself  at  Columbia  College  Ob- 
servatory 1892  April  19.  The  negatives  show  all  the 
ROTHERFI  RD  stars,  as  well  as  the  missing  ones  of  ARGELAN- 

der.     The  latter  are  : 


DM. 


I  27c  3395 
+  27  3414 
+  27  3417 


magnitude  8.8 
9.0 
9.0 


The  Rutherford  stars  not  in  Aia.i  i  anoii:  arc  numbers 
28.  32,  3.",  and  11.  It  will  be  noticed  that  star  28  forms  a 
double  with  star  27.  These  two  stars  are  plainly  separated 
ou  the  Rotherford  plates,  while,  on  the  Columbia  College 
plate  of  1892  April  19.  No.  28  appears  only  as  a  slight 
elongation  of  No.  27.  These  stars  may  therefore  constitute 
a  binary  system,  and  they  are  recommended  to  the  notice 
of  double-star  observers. 
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9.3 
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'  1  .    v    ■    York,    1892   April  25. 


THE    FAINTER    VARIABLES, 

Bl    S     D.  nnvM.KV. 
Iii  no.  188  of  the    1                            ~nal,   Mr.  1  handler      used  to  follow  these  stars  in  their  fainter  phases.     In  the 
published  a  list  of  variable  stars  having  faint  minima,  and      next  number  of  the  Journal,  Mr.  Parkhurst  publish, 
urgently  asked  thai  some  of  the  largi                  -  might  be      notes  regarding  the  minima  of  ;i  part  of  these  stars, 
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with  hi-  telescope  of  9  inches  aperture.  Daring  the  pasl 
three  years  I  have  followed  a  few  of  these  variables  with  the 
I5i-incli  equatorial  of  the  Washburn  Observatory.  Some 
of  them  become  invisible  with  this  telescope,  which  lends 
evidence  to  tin-  belief  thai  perhaps  a  few  \ .n ial-Ks  send  us 
absolutely  n<>  light  :it  minimum.  It  would  be  interesting  if 
photography,  with  a  telescope  like  the  gianl  refractor  of  Mt. 
Hamilton,  could  be  used  t<>  follow  some  of  these  specks  "t 

light,  and  thus  I  Ml  1 1  in  ferret  nut  the  mysteries  of  these  ~i 

peculiai  of  peculiai  phenomena. 

If  any  cue  with  a  larger  telescope  than  thai  of  the  Wash- 
burn Observatory  undertakes  to  do  such  work  as  this,  the 
following  notes  may  he  of  service  in  choosing  those  stars 
which  it  is  st  desirable  to  have  observed  with  :i  large  in- 
strument. The  numbers  of  the  stars  below  are  the  Chand- 
ler catalogue-numbers  {A.J.,  nos.  179,180).  'The  magni- 
tudes  given  are  lixeil  upon  the  assumption  that  the  minimum 
visibile  of  this  telescope  is  14*. 7. 

111.  One  minimum  13*. 3;  another  18". 6. 

243.  Invisible  for  nearly  two  months. 

134.  Invisible  for  two  months  or  more. 

166.  Have  several  minima  al  14". 5. 


:,l.".. 

1222. 

1717. 
1761. 
1944. 


2478. 
2528. 
2742. 
5430. 
5438. 
5583. 
5795. 
6905. 
6921. 
7-.'-.'(). 
7252. 


line  minimum   14*. 0;    in  another  the  Btar  was    n- 

\ isible  for  ~i\  « eeks. 
i  )ne  minimum 

13". 5. 
Il».2. 
Lighl  changes  irregular;  possibly  short-term  period. 
One  minimum   11". 5.     This  star  nee. is   particular 

attenl  ion. 

( tin-  minimum  about  1  1  v'.0. 

12".5. 

14". 5. 
ln\  isible  for  se\ eral  weeks. 
Does  not  disappeai . 
minimum  about  1 1  M.0. 
Invisible  for  two  months. 
(  me  minimum  1 2M.5. 
Minimum  less  than  l  I  '."». 
Invisible  for  two  months  or  moi e. 
Minimum  less  than  14*. 5. 
Invisible  for  one  month  or  more. 
( )ne  minimum   13". 5. 


7659. 
Madison,   Win.,  18'.il>  April  19 


NOTE   OX    PUBLISHED   MAXIMA    AND   MINIMA    OF    Y  OPHIUCHI, 

By   PAUL  S.   YKNDKI.I.. 


The  writer  desires  to  state  that  the  residuals  for  this  star. 
Vol.  X.  p.  99,  are  incorrect,  and  should  read  as  follows: 
E       0  —  I '  for  Maxima 


164 

—1.08 

166 

— 0.3-1 

167 

—  1.68 

168 

—0.82 

173 

—0.97 

Dorchester,  Muss..  1892  April  16. 


()—  C  for  Minima 


16  7 

—  1.23 

L68 

—0.87 

169 

+  2.99 

170 

—0.75 

171 

—2.59 

The  comparisons 
Catalogue. 


re   with    the   elements   in   Chandlkk's 


CORRIGENDA. 


Page    93,  line  26     for    20h  28'"  2S«.7     put    20h  48">  238.7 

Page  141,  col.  1,  line  33    for    22    28     35       put    22    28 
Pagel80,  col.  1,  Q  Herculis     Sept.    6.3  0bs.<!    insert  23».82 
Page  181,  col.  1,  aLyrae  Apr.    11.7  Obs.<S   /or26».87p« 

Page  181,  col.  2,  40  Cygni       Oct.    15.3  0bs.<!   /or58*.34pu 


Page  181,  col.  2,  10  Lacerlcn    Dec.     3.2    Obs.  d/or26'       put  27' 
Page  182,  col.  1,  10  £a<  Obs.<J/or26'       put  27' 

Page  182,  col.  2,  MAndt Nov.  16.4    Obs.  .»  /or  29".46  pa 

Vol.  VIII,  p.  12,  eol.  1.    the   probable  error-  of  /.v.:  for   1866,  are 

given  ten  times  too  large. 


0  0  N  T  i:  N  T  S  . 
<>n  the  Chirk  Cause  of  the  Anomalies  in  the  Light-Variations  of   FCygni,  by.   Prof.  N.  C.  Doner. 
Notes  on  Double  Stars  (I),  by  Prof.  A.  Hall. 

The  Rutherfurd  Photographic  Measures  of  the  Stars  about  8  Cygni,  by  Mr.  Harold  Jacoby. 
Tiir.  Fainter  Variables,  by  Mr.  s.  ]).  Towni.ey. 

Note  on  Published  Maxima  and  Minima  of   FOphiuchi,  by  Mr.  Paul  S   Fbndell. 
Corrigend  l. 


Thos.  P.  Nichols.  Lynx,  Mxts. 
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s  in  Astronomy,  Johns  Hopkins  University. 

Lei  P    be  the  position  of  tbe  poll-  of  the  axis  "f  figure  : 


/'• 

PS 

.\" 

IV 
N 


position  of  the  pole  of  the  axis  of  n 

:it  any  instant  ; 

meridian  of  Pulkowa  ; 

E.  longitude  of  PR  (the  meridian  of  /'') 

from  PS  : 
position  of  the  meridian  PR  on  1840  Apr.  0  ; 
E.  longitude  of  PR  from  PQ  ; 
W.  longitude  of  PQ  from  PS  ; 
distance  /'  /' '. 


SOLUTION  OF    STRUVE'S    EQUATIONS    FOE    THE    DETERMINATION    OF   THE 

ABERRATION,   TAKING    INTO   ACCOUNT   THE    POSSIBLE 

VARIABILITY  OF   THE    LATITUDE, 

By  B.  M.  ROSZEL  and  15.   S.   ASMS.  Shi.i.m 

During  the  years  1840  to  1842  Strtjve  derived  the  con- 
stant of  aberration  from  observations  in  the  prime-vertical 
of  Pulkowa.  For  this  purpose  be  formed  li)*  equations  of 
condition  between  the  observed  and  computed  declinations 
of  seven  stars;  (Sand  S  Gassiopeae,  u  Ursae  Majoris,  i.  o, 
and  39  6  Draconis,  and  P.  XIX.  371.  His  equations  of  con- 
dition were  of  the  general  form  : 

x  •   ay  +  bp  +  Cfx  +  )>■  =  n, 

where     x  =  correction  to  the  mean  declination  of  the  star  : 
y  =  correction  to  the  constant  of  aberration  i  20".50  I  ; 
p  =  star's  annual  parallax  : 
m  =:  star's  proper  motion  in  declination  : 

v  =  correction  to  the  constant  of  nutation  ; 

n  =  difference  between  the  observed  and  i puted 

declinations. 

'The  coefficients  a,  b  and  C,  were  all  computed  and  tabu- 
lated by  Strove.     He  omitted  iv,  as  being  insensible. 

The  original  reductions  were  made  by  Strove  on  the 
supposition  that  the  latitude  of  Pulkowa  was  constant 
(=  59°  46'  18". 00).  Assuming  it  to  vary,  and  adopting 
Dr.  Chandler's  period  of  427  days,  the  position  of  the  axis 
of  rotatii E  the  earth  can  be  determined  from  these  equa- 
tions by  the  following  method,  as  indicated  by  Prof.  N  i  \\ - 
comb  iii  his  lectures  and  carried  "lit  by  us. 

For  this  purpose  two  additional  unknown  quantities,  which 
we  may  call  z  and  u  are  introduced.  The  following  figure 
will  show  their  significance  : 


Thru  d<f  =   Kcos  X 

=  A*cos(.V — «) 

=  ZTcoscc  cosiV   *    K  sin  a  sin  JV. 

And  we  define  -.  and  u  b_\  the  equations : 

z  =    K  cosa  A"  =  yj  j* -f- u* 

u  =  KBiaa  tan«  =  " 

2 

It  will  be  seen  thai  the  figure  refers  to  the  poles  on  the 

surface  of  the  earth.  The  pole  of  figure  is  ill  constant  re- 
lation to  places  on  the  earth's  crust,  hence  it  is  taken  fts 
stationary,  and  the  pole  of  rotation  considered  to  revolve 
about  it,  although  the  reversi   is  pi esnniably  tin  ■ 

The  angle  .V  increases  uniformly  at  the  rate  of  860"  in 
127  days,  and  its  value  for  any  date  can  be  immediately 
computed,  assuming  it  to  start  from  zero  on  1840  April  0, 
about  the  time  Strove  began  his  observations. 

Thus,  it  will  be  seen  that  ;  and  ii  will  determine  the  po- 
sition of  the  pole  of  the  axis  of  rotation  on  1  s  in  April  0. 

The  coefficients  of  :  and  •<  were  computed  for  the  whole 
series  of  observations.  Retaining  Struvk's  *  ami  y,  bul 
omitting p,  p  and  r,  since  these  equations  will  not  determine 

them,  and  introducing  :  and  H  oui   equatlOU  of  condition  now 

bei  omes 

cos  V  f  k  sili  .V  =  n. 


In  this  manner  equations  of  condition  w. 


,-d. 


10 
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In  order  to  lessen  the  labor  of  solution,  the  equations  were 
divided  into  groups,  taking  ilir  mean  of  the  equations  Formed 
from  observations  near  each  other  in  time  to  correspond  to 
their  mean  date.  All  observations  made  near  noon  were 
considered  untrustworthy,  the  unequal  heating  of  the  shut- 
ters of  the  observatory  by  the  3un  producing  lateral  refrac- 
tion, and  were  omitted.  By  this  grouping  and  the  omission 
oi'  the  observations  made  near  noon.  Stri  \  i  's  298  equations 
were  reduced  to  101. 

The  observations  were  all  given  unit-weighl  unless  marked 
with  an  asterisk  in  the  original  paper,  in  which  case  their 
weigh!  was  taken  to  be  0.5.  The  reason  for  thi>  is  thai 
Strdvi  considered  the  observations  so  recorded  to  be  less 
exacl  than  the  rest. 

Having  formed  the  group-equation,  a  weight  was  given 
in  it,  in  every  case,  equal  to  tin1  sum  of  the  weights  of  the 
separate  equations  forming  the  group.  The  normal  equa- 
tions formed  for  each  star  separately  are: 


,  ( 'assiopeae. 

29.00  a-,  +     1.03?/  +    3.202+    5.02m  = 

1 .08 a;!  -f  ir,.:n  //  —  14.31  z  4-     8.53«  = 

3.20*!  —  14.81j/  +  17.45Z—    2.07m  = 

5.02*j  +    8. 53.?/—    2.072  +  11.56??  = 

(f  Cassiopeae. 

36.00*2+    2.97j/  —    O.682  +     1.76m  = 

2.97*2  +  14.58?/  — 13.752  +     4.68??  = 

—0.68*,,—  13. 75  3/  +  18.01  2+    2.33m  = 

1.76*2+    4.68J/+    2332+  18.00m  = 

o  Ursae  Majoris. 

72.50*s+ 18. O83/  + 15.562  —    2.79w  = 

18.08./';  f  28.81?/  +  31.59s—  12.48??  = 

15.56*s  +  31.59J/  +  43.51  z  —    8.16m  = 

—2.79*3—12.483/—    8.162+ 28. 80u  = 

?  Draconis. 


+  34.(15 
+  7.55 
+  6.42 
-   0.97 


54.00*4  +  22.7.'!//  +  12.47?  +  10.55  m 
22.73*4  +  36.663/  +  9-46z  +  -:,:;:'  " 
12.47*4  +  9-  l';."  '  20.502  —  1.45m 
10.55*4  +  29.35t/—    1.452  +  33.52m 

39  6  Draconis. 

24.00*s  +  13.123/—    9.892+    9.64m 

13.12*5  +  20.75y—  12.412  +  16.09m 

—9.89*5—12.413?+  10.222—    8.18m 

9.64*5+  16.09?/—    8.I82  +  13.79?? 

o  Draconis. 
4 1 .00*0  +    4.09 y  —    4.83 z  +     1 .66  u 
4.09*6+28.183/—    8.IO2  +  22.86m 
_4.83*6—    8.IO3/+ 19.082—    1.05* 

1 . 66  *6  +  22.86  ?/  —    1 .05  2  +  2 1 .9 1  ?? 


+  1.53 
+  0.26 
—1.31 
—0.07 


f-3.42 
+  1.92 

—2.(14 
+  1.06 


+  14.76 

—  1.18 

—  2.4.S 

—  2.35 


P.  A/A- 371. 

14.00*,  4-     1.91. v—  1.04z  —  0.25u  =  —1.77 

1.91*,+  12.82;/      3.882  -:   9.68u  =—1.58 

—1.04*,—    8.883/  I   5.202-     1 .08*  +0.25 

-0.25.iv  +     9.63//—  1.082  +  8.81  U  —   —1.21 

as,  being  the  correction  to  the  mean  declination,  varies  from 
star  to  star,  while  the  remaining  unknowns  are  the  same  for 
all.  Consequently,  after  the  elimination  of  the  xs,  the  re- 
sulting normal  equations  in  y,  2  and  u,  respectively,  were 
added,  and  the  values  of  these  quantities  determined  in  the 
usual  way. 

These  values  substituted  in  the  several  normals  in  .<•.  gave 
the  *s. 

The  weights  and  probable  errors  of  v.  2  and  u  were  obtained 

in  the  ordinary  manner.     The  weight  of  any  *  was  taken  to 

be  its  coefficient  in  its  normal  equation,  and  then  its  probable 

error  was  obtained  from  the   residuals  of  all  seven  stars. 

The  solution  gives   the  following  values  for   the  unknown 

quantities  : 

Struve'a  Value 

—0.609  ±(1.0271 
— 0.1 28  ±0.0322 
+  0.477±0.0152 
+  0.044±0.0279 
+  0.140  +  0.0333 
+0.369±0.0198 
—0.1 10  ±0.0317 


Si  1:1  \  1.'.-.  value  =  20". 4451 

The  corrections  to  the  mean  declinations,  together  with 
their  probable  errors,  agree  very  closely  with  the  original 
values  derived  by  Strdve.  The  correction  to  the  constant 
of  aberration  does  not  agree  so  well  with  that  obtained  by 
him.  The  reason  for  this  discrepancy  is,  principally,  the 
assumption  of  a  variation  in  the  latitude.     The  omission  of 

twenty-one  of  StruVe's  observations  made   near  11  would 

have  an  effect  upon  the  >/. 

The  large  probable   errors   of   single  declinations   obtained 

by  Strove  for  p'  and  8  Cassiopeae  led  him  to  give  smaller 
weights  to  the  observations  of  these  two  stars  than  to  those 
of  the  other  five,  while  in  this  solution  a  single  observation 
of  any  star  was  given  equal  weight  with  that  of  any  other. 
This  would  also  change  the  value  of  y  to  some  extent. 

We  also  made  a  second  solution  of  the  normal  equations 
ill  y.  2  and  u,  giving  to  observations  on  (3  and  8  Cassiopeae 
the  weights  0.7  and  0.5  respectively.  The  normals  in  each 
case  are : 

1st  Solution. 

+  136.533/—  14.56z+  69.19m  =  —  5.83 
—  14.563?  +  122.662—  17.87??  =  —2.63 
+   69.19y—    17.872  +  129.33??  =  —8.28 


—19.30 
—  1.63 

p'  Gassiopeai 

,      *  =  —  0.651 

±0.0210 

5 

x  =  —  0.173 

±0.0216 

—   1.87 

u  Ursae  .)/"/ 

.,     x  =  +0.481 

±0.0152 

—  4.30 

1  Draconis, 

*  = +0.054 

±0.0171; 

39  6    " 

*  =  +0.099 

±0.0264 

0 

.)■  =  +0.360 

±0.0202 

—6.36 

P.  XIX.  371 

,       *=—  0.128 

±0.0346 

—0.21 

y  =  — 

0.0157±0.0130 

—1.58 

2  =  — 

0.0320  ±0.01  IS 

—3.10 

a  =  — 

0.0601  ±0.0134 
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2d  Solution. 

Combining  2  and  »/.  we  obtain  for  />■.  the  radius  of  the 

+  124. 30y  —      3.392+     64.41m  = 

—  5 .  7  1 

curve  in  which  the  pole  /'   was  supposed  to  mo 

—      S.S9y  f  108.532—    18.26«  = 
+    64.41//—    [8.262  +'ll7.16u  = 

—  1.11 
—6.60 

I-  =  (i". 068 

W'liirh  hot  'j i\ es 

This    is  much   smaller    than    the   value   obtai 

;.    Dr. 

y  =  — 0.0247±0*01  18 

Chandler,  being  in  facl  aboul  two-sevenths  of 

it.  and   fur- 

2    =;    —0.018     ±0.(11117 

Dishes  very  inconclusive  evidence  for  assuming 

a  variability 

n  =  —11.04  2    ±0.0121 

of  the  latitude  at  the  time  of  these  observations 

By  putting    u  =  z  =  o,     iu  our  final  normals  in  y,  we 
should  obtain  a  value  for  the  constant  of  aberration  very 

We  append  the  mean  errors  of  a  single  observation  for 
the  separate  stars  for  our  two  solul 

close  to  Struve's.     The   values  obtained    in 

these    various 

1st  Sol. 

.     - 

ways  are  : 

S  i  EH  V  i  's  definitive  value, 

Assuming  a  variability  of  the  latitude.   Is!  so 

I'd  sol 
By  (Hitting  u  =  2  =  o,  in  normal  in  y,  1st  so 

2d  sol 

I'll.  1  |.M 
20.4843 
20.17.-,:; 
20.4573 
20.4541 

(3  Cassiopeae,         mean  error  —   0.2256 
8           ■•                                           0.2798 
■1  Ursae  Majoris,                             0. 1  :•  7 7 

1  Draconis,                                           1 1.1849 
39  6    ••                                                0.2241 
0         ■■                                                0.1939 

-■: 

0.1978 
0.1977 
0.1849 

11. 21-41 
0.1939 

The  last  value  differs  from  Stri  ve's  by  onl 

f  0".009. 

P.XJX371,                                    0.1572 

0.1572 

ON    SOME   OBSERVED 

By  PAUL S 

In  the  paper  published  by  Prof.  Doner  in  no.  261  of  this 
Journal,  detailing  his  very  beautiful  explanation  of  the 
anomalies  in  the  period  of  Y  Cygni,  he  says,  referring  to 
the  four  observed  minima  published  by  me  in  Vol.  X.  p.  132, 
■•  I  must  admit  that  the  discordance  of  these  observations  of 
Mr.  Y1.NM.1.1.  is  inexplicable  to  me,  and  makes  the  correct- 
ness, or  rather,  the  completeness,  of  the  above  explanation 
of   the    anomalies    in   the   variation  of    T  Cygni  somewhat 

doubtful." 

Concerning  the  correctness  of  Prof.  Doner's  explanation, 
il  seems  to  me  that  to  anyone  conversant  with  the  whole 
body  of  the  evidence  in  the  case,  but  one  opinion  is  possible  : 
the  fact  of  the  persistence  of  the  earliness  of  the  odd  mini- 
ma, and  the  lateness  of  the  even  ones,  occurred  to  me,  after 
closing  my  observations  for  the  year  1891,  as  being  sug- 
gestive of  a  double  period;  but  none  of  Prof.  Doner's 
Observations  later  than  Ep.  1136  had  then  come  to  my 
knowledge,  and  the  two  groups  of  minima,  Ep.  12  and 
Ep  952,  with  the  tendency  to  a  sudden  increase  in  the  re- 
siduals toward  the  end  of  three  of  the  six  groups  of  obser- 
vations, and  the  apparent  indication  of  a  rapid  shortening  of 
the  period  from  Ep.  1184  to  1211,  were  so  apparently  in- 
compatible with  any  such  assumption  that  the  idea  was 
gh  en  up. 

The  publication  of  Prof.  Doner's  group  of  observations, 

taken  simultaneously  with  my  own  series  for  1891,  puts  a 
very  differenl  lace  on  the  matter,  and  appears  to  me  to  prove 
the  substantial  correctness  of  his  fundamental  assumption 
beyond    the   possibility  of  a  cavil;  and  the  facl   that    this 


MINIMA    OF    TGTGNI, 

FENDELL. 

group  of  observations  of  mine  (Ep.  952)  seems  to  be  vio- 
lently discordant  with  it.  renders  it.  in  my  opinion,  advis- 
able to  publish  the  details  of  the  minima  in  question,  so  that 
an  independent  judgement  of  their  value  may  be  arrived  at. 
by  any  one  desirous  of  so  doing. 

The  comparison-stars  employed  in  these  observations  were 
Chandler's  <  and;  [See  A. J.  Vol.  VII,  p. 47],  and  one  of 
my  own,  b  (=  DM.  34    I]         -  ;  their  light-values,  on 

the  scale  formed  at  the  end  of  my  last  series  of  observa- 
tions, from  the  whole  body  of  material  accumulated  in 
four  years'  observations  of  the  star,  with  their  estimated 
magnitudes,  are  as  follows  : 

Light        Mag. 
1     *    11.9  7.1 


6.7 
0.0 


7.9 


The   observations   in   question  were    made  in    the  open  air. 
with  my  44-inch  Clacey  refractor,  and  a  positive  <\ 
gh  ing  a  power  ol 

The  system  of  weights  used  range.-  from  5  to  1.  and  indi- 
cates the  gradation  between  an  exceptionally  certain  ob- 
servation, and  nearly  pure  guess-work  J  for  : 
comparison,  a  higher  weight  than:'.  1-  never  used:  applied 
to  the  deduced  times  of  minima  and  maxima,  a  sigi 
particularly  good  determination  ;  (.good:  3,  fair;  2  and  1. 
doubtful  and  very  doubtful. 

-ei  \  alion-  in  detail  are  a-  fo 
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Ep. 

i    ii          Boston  Mean  Time. 

wt. 

I.. 

9 

i:i" 

i  2V,  V2p 

1 

9.80 

58 

1  0-J  p 

3 

7.  '.'ii 

in 

6 

■'/' 

3 

6.70* 

88 

V  i  >'•  Vp 

8 

6.20 

58 

p\-2V,  VI  b 

4 

16.0 

11 

18 

p  1  1'.   V3b 

1 

■i.s:> 

88 

p2V,  V2b 

4 

3.35 

is 

p2-3V,Vl-2b 

4 

2.85 

12 

;; 

pSV,  V\-2b 

1 

2.60 

13 

p3V,  V  1-2  6 

4 

2.60 

28 

p2-3V,  V2b 

1 

8.10 

1  1 

p  2V,  V2b 

4 

3.35 

58 

p2V,  V2b 

4 

3.85 

Weather  clear 

*  Aperture  reduced 

to  •-'  in. 

for  this  o 

The  time  of  minimum,  deduced  from  the  curve  plotted 
from  these  observations,  is  r.'"  '.•'".  Boston  mean  time;  by 
the  mean  light-carve  published  in  this  Journal,  Vol.  IX 
p.  107.  a  minimum  is  indicated  at  11''  58m.2. 

\  weight  of  I  was  assigned  to  this  minimum,  as  —  although 
owing  in  the  star's  low  altitude,  observations  had  to  be  given 
up  very  shortly  after  the  phase  was  certainly  passed  —  the 
minimum  itself  was  pretty  sharply  marked,  and,  it  seems 
probable,  is  not  more  than  six  or  seven  minutas  out  of  the 
way. 

Ep.  952,         1890  Nov.  I. 


b      in 

8  59 

e  2V,  V4p 

irt. 
4 

L. 
9.3 

9  50 

e3V,  VI  p 

4 

9.3 

10    16 

I'n-1  p 

3 

7.2 

39 

plV,  F5-6  6 

4 

5,6 

56 

p2V,  V4-5b 

4 

4.6 

11     9 

p2-3F,  Vi  b 

4 

1.1 

27 

p4V,  V'Sh 

4 

2.85 

47 

p4-5V,  F2-36 

4 

2.35 

56 

" 

4 

2.85 

12     6 

p  4  V,  V'db 

4 

2.85 

1 4 

p  1-5  V,  V2b 

4 

2.10 

24 

poV,  V2b 

4 

1.85 

;;i 

p  4  1'.  V2b 

4 

2.35 

■14 

pA  V,  V3b 

4 

2.85 

54 

"        " 

4 

2.85 

Moon  rose 

at  1  fl- 

Clear. 

The  time  of  minimum,  deduced  from  the  plotted  curve,  is 
12''  28m,  to  which  a  weight  of  '■'<  was  assigned.  The  time  by 
mi  in  light-curve  is  1  2h  26'". 

By  an  error  in  transcription,  the  published  time  of  this 
and  the  two  following  minima  are  1  .">'". 5  too  early,  the 
"Standard  sea-coast  time"  (=  Gr.  M.T. — 5h)  being  the 
time  which  was  used  for  the  observations  and  reduction,  and 
inadvertently  copied  without  modification: 

Dorchester,  Mass.,  1892  May  14. 


Ep.  958,         1890  N01 

.  18. 

wt. 

1.. 

9 

25" 

v  1  V 

s 

5.70 

37 

p  \--iY.  F5-6  6 

4 

5.85 

lo 

.". 

p  2-8  V,  V  1-5  6 

4 

1.35 

80 

pSV,  V4\b 

4 

11 

15 

p  1  1  .  1    1 

4 

2.85 

■.".1 

" 

1 

2.85 

45 

p4V,  P2-3  6 

1 

2.60 

59 

P3V,  V  l  6 

4 

8.85 

12 

15 

'< 

8 

8.85* 

Star 

cry  1 

'IV. 

The  plotted  curve  shows  a  minimum  at  ll'1  4  1".  to  which 
a  weight  of  '■'<  was  assigned  ;  by  the  use  of  the  mean  curve,  a 
minimum  at   1  l'1  12™  is  indicated. 


Ep   962,         1890  Nim 

.  lit. 
wt. 

I.. 

9  3S" 

p  1  V,  V3b 

4 

2.85 

10     5 

p3-4  V,  V4  & 

4 

3.60 

11     0 

pbV,  F2-3  6 

1 

2.10 

15 

p4  1'.  V2-3b 

1 

2.60 

25 

p  1  V,  V3b 

4 

2.85 

40 

.. 

4 

2.85 

Bright  n  and 

star  low. 

The  single  curve  indicates  a  minimum  at  in'1  56"',  but 
from  the  undecided  character  of  the  deduction,  and  the  un- 
favorable circumstances  under  which  the  observations  were 

made,  the  nominal  weight  of  1  only  was  given   it  :   the  mean 
curve  gives  a  minimum  at  ll'1  12™. 

Ep.  956.  Three  observations  obtained  Nov.  10,  as  fol- 
lows : 


wt. 

L. 

10  1 1 

I'l  p 

3 

7.70 

38 

p2  V,  V5b 

4 

4.85 

11     2 

p3V,  V3b 

4 

3.35 

er  after  tl 

is  observation 

ami 

no  1 

lure  well 

The  mean  light-curve  indicates  a  minimum  at  11''  45"', 
which  is  given  here  for  what  it  is  worth. 

Although  from  the  circumstances  of  the  case,  in  none  of 
these  series  could  many  observations  be  obtained  after  the 
minimum,  the  minima  occurring  when  the  star's  altitude  was 
low,  this  phase  was,  in  all  but  one  case,  apparently  quite 
distinctly  marked,  as  the  sharp  rise  of  a  step  or  two  after 
the  minimum  was,  as  usual  with  this  star,  very  noticeable  in 
three  of  the  four  series.  The  error  detected  in  the  tran- 
scription of  the  times  of  minima  will  diminish  the  residuals, 
according  to  Dunkh's  elements  III,  by  about  13  minutes  in 
the  mean,  which,  however,  is  not  sufficient  to  affect  the  ap- 
parent discordance  materially,  it  being  evident  that  the 
difference  of  — 0d.098  is  equivalent  to  nearly  the  whole  in- 
terval between  the  star's  normal  light  and  its  minimum. 
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SUPPLEMENT    TO    THE    ARTICLE    -ON    THE    CHIEF   CAUSE    OF    THE    ANOM- 
ALIES  IN   THE  LIGHT-VARIATIONS   OF    T CYGNI? 

B\   v  C.  in  mj: 


In  do.  261  of  the  Astronomical  Journal,  Mr.  Yim.i.i.i.  has 
published  a  considerable  series  of  observations  of  )'  ' 
The  whole  of  these  belong  to  uneven  epochs,  while  the  con- 
temporary European  observations,  by  Plassman,  Norden- 
mahk  and  myself,  belong  to  even  epochs.  These  simultan- 
eous series  are  naturally  of  the  greatest  importance  for 
deciding  the  question  whether  the  constant  difference  which 
I  assumed  between  the  even  and  the  odd  epochs  actually 
exists.  In  fact,  a  comparison  between  Mr.  Yim.ki.i.s  ob- 
servations and  the  European  ones  indicates  thai  the  uneven 
epochs  have  occurred,  not  86  hours  but  only  32  hours,  aftt  < . 
and  consequently  40  hours  before,  the  even  epoch.-.  Now 
my  formula,  based  on  the  above  assumption,  requires  the 
intervals  which  I  found.  The  correctness  of  my  view  con- 
cerning the  nature  of  the  variations  in  Y Cygni  seems  hereby 


vations  in  1892  imply  that  the  last  nine  ol  - 

Yi  Mil  i.i.  arc  the  correct  •-.  and  that   the  first  four   are   ill 

error.     A  new  determination  of  the  value  of  '/;.  using 
Mr.  Yendell's  observations  and  my  last  ones,  woul 
tainly  increase  it.  and  thereby  render  the  deviation  of  the 
observations  of  August  and   September  verj   considerable. 
This  internal  contradiction  leads,  me  to  feel   no   farther  hesi- 
tation relative  to  tin-  strong  discordance  of  the  normal  epoch 
952.     This  i-  founded  upon  four  observations  of  Mi.  Yi  s- 
DELL.      But  if  we   constructed   a   normal   epoch  from   his  ob- 
servations in  August  and  September,  1891,  this  would  differ 
almost  as  greatly  from  hi-  subsequent  observations,     • 
normal  minimum-epoch  952  differs  from  the  obervations  of 
other  astronomei  s. 

I  believe  it  will  be  much  more  correct  to  attribute  the  dis- 


fully  proved,  and  I  have  compared  the  observations  of  Mr.      cordauce  simply  to  errors  of  observation,  than  to anomal    - 


JTendeix  with  my  last  formula  for  uneven  epochs,  finding 
the  following  differences  between  observation  and  compu- 
tation. 


Epoch 

o— c 

(1 

Epoch 

(i— c 

114.". 

+  0.050 

1 1  95 

—  ll.Oll 

1163 

+  0.022 

1197 

—0.039 

in;.". 

+  0.012 

1205 

—0.016 

116!> 

+  0.010 

1211 

—0.054 

1183 

— n.046 

1213 

—0.056 

1189 

—0.047 

1 2  1 ;. 

—0.055 

Hill 

—0.041 

or  in  the  me: 

n    — 0d.023. 

These  deviations  manifest  a  strong,  although  by  no  means 

regular,  rate.     On  the  other  hand  the  jump  between  E] h 

1169  and  Epoch  1183  is  very  considerable,  and  from  that 
time  on.  the  deviation-  are  almost  constant.  Now  since  the 
European  observations  -how  altogether  constant  deviation-, 
it  i.-  highly  probable  that  Mr.  Yi.nm.i.i.'-  method  of  obser- 
vation may  have  changed,  for  which  moreover  hi-  observations 
ill  the  years  1S8K  and  I.ss9  present  counterparts.      My  obser- 

Upsala,  1892  April  30. 


the  light-variation  of  the  star.  Indeed  it  i-  far  from  easy,  in 
observation-  of  variable  star-,  to  free  one's  self  completely 
from  previous  impressions  concerning  the  rate  of  the  changes 
in  li<rht.  and  for  the  Algol-st&rs  this  difficulty  is  much  greater  ; 
.-ince  it  i-  impossible  to  forgel  the  observations  which  one 
has  already  made  on  the  same  evening.  If.  furthei 
the  whole  amplitude  is  small,  a-  is  the  cast  i,  and 

the  available  comparison-stars  are  nol  so  convenient  as 
be  wished,  the  uncertainty  must  be  -till  greater.     I   - 
way  to  escape  entirely  from  this  influence  nnless  on< 
either  determine  the  minimum  by  photography,  or  —  what 
would  perhaps  be  -till  better —  if  both  in  Europe  and  America, 
as  many  observers  as  possible  would  occupy  themselves  with 
this  star,  which  doe.-  not   seem   too   much   to  hope,  now  that 
it   has  become   particularly   interesting.     At    any  rate,   the 
consideration,  which  has  probably  been  the  chief  one  hither- 
to in  preventing  the  observation,-,  namely,  the  impossibility 
of  predicting  the   minima  with    sufficient   accuracy,  will    now 
no  longer  exist. 


HYPERBOLIC    ELEMENTS    AND    EPI1KM 

liv    Ki  v     G.   M.   SEARLE. 

The  epheineris  of  this  comet   published  in  no.  262  of  this 
Journal    indicating,    when    compared    with   observation,    a 

hyperbolic    correction    according    to    the    computation    there 

given,  it  seemed  desirable  to  compute  a  new  orbit.  This, 
however,  was  delayed,  partly  by  my  absence  from  this  city, 
and  partly  by  the  want  <>f  sufficient  observations  to  form  a 
new  place.  Finally,  as  an  observation  which  I  obtained  on 
the  morning  of  April  23  seemed  fairly  trustworthy,  it  was 

Used    in    waul    of    better    material,    with    two    normal    places 

formed  for  March  10.5  and  March  2'.'.."'.  These  gave  the 
following  orbit,  by  which  all  three  place-  are  accurately 
represented  : 


IRIS   <)K   (  <  >MET  a  1892, 

T  —  Apr.  6.634  t  Gr.M.T. 


...  =     21   30   1" 

Q  =  240  56    15  » 

i   —     :'.s    p.-  36  , 

log  v  =  0.01 1702 
log  e.=     0  001295 

The  coordinate  equations  are  : 

..•  =  [9.922902]r  sin{  u4  349 
y  =  [:•.'.•  19778 

z  = 


1 1 
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\       .... 


I'lic  parabolic  ephemeris  being  continued,  the  following 
in. 11-  were  found  to  it  from  the  above  orbil  : 


la 

J,N    . 

'.'•1.7 

—  ',    c, 

28.8 

5    18 

36.6 

—6     4 

15.5 

—6   12 

May  <;."> 
1  1.5 
22..", 
30.5 


By  a  comparison  with  fi Pegasi  obtained  this  morning 
(May  6)  the  approximate  corrections  to  the  parabolic  cph  fiiif- 
ii>  were  — 19*  and  — 5'.0;  it  would  Beem,  therefore,  that 
the  above  hyperbolic  orbil  is  likely  to  represent  observations 
well  tin  some  liinc.  as  it  n Is  at  present  practically  no  cor- 
rection. 

By  applying  corrections  interpolated  from  those  above, 
the  following  ephemeris  I'm'  Greenwich  midnight,  and  repre- 
senting  the  hyperbolic  orbit,  is  obtained  : 


Gr.  M.T. 

a 

a 

log  A 

Br. 

May    10.5 

22 

59m45' 

+  ■-'<;  54.1 

0.1211 

0.6;") 

11.5 

23 

2  32 

27  80.1 

12.5 

.",  17 

28     5.3 

127i» 

13.5 

8     0 

28  39.9 

14.5 

ID    12 

29   13.7 

1829 

0.58 

15.5 

13  22 

21)  46.9 

it;.:. 

16     1 

30  ID. 1 

1387 

17.7. 

•->:; 

18  38 

+  30  51.3 

Gr.  M/r. 

a 

' 

log  A 

lir. 

May  18.5 

23  21    1  1 

+  31 

2  2  .". 

0,1444 

11.7.2 

19.5 

2:;  18 

3.1 

.-.3.1 

2d..". 

26    2U 

; ;  •_' 

23.2 

1  199 

21.5 

28  .Mi 

32 

52.7 

22..". 

;;i    19 

33 

21.6. 

l.",.",3 

0.46 

23.5 

:;:;   17 

83 

19.8 

2  1.:. 

86   18 

:;i 

17.1 

1C06 

25.5 

38  37 

3  1 

11.6 

26.;. 

III    .V.I 

3.", 

1  1.3. 

16.".  7 

(1.12 

27.5 

43    19 

:;.", 

3  7.1 

28.5 

45  38 

86 

3.11 

1707 

29.5 

17   ."..". 

36 

28.1 

May  30.5 

23  •".()  1 1 

16 

7.2.7 

0.177.6 

0.88 

In  a  letter  of  May  18,  Father  SEARLE  state*  that  lie  has 
no  special  confidence  in  hyperbolic  elements  for  this  comet, 
since,  as  he  has  previously  remarked,  the  orbil  appears  to  ad- 
mit of  much  more  variation  than  usual,  while  well  repre- 
senting the  geocentric  path. 

The  ephemeris.  and  indeed  the  elements  themselves,  apart 
from  the  eccentricity,  are  in  singularly  close  accordance  with 
those  obtained  on  the  assumption  of  a  parabolic  orl.it  by 
Bidschof  at  Vienna  and  Berberich  at  Berlin  [A.V.  3087,8]. 
Yet  while  the  fundamental  places  are  absolutely  represented 
here,  thereare  slight  variations  of  the  middle  places  for  I  bese 
European  parabolas,  as  also  for  Dr.  Hind's  (p.  15). 


OX    THE   VARIABILITY   OF   DM.  :33°  470  * 

a  =  2h  28".  15».9         <S  =  +33°  37'.8  (1855). 
By  PAUL  S.  YENDELL. 


This  star  is  noticed  by  Kspin  (Astrom.  Narli.,  Vol.  <  'XXVI. 
p.  7'.i )  as  •-  probably  variable,"  having  been  observed  by  him 

as  7".5,   lS'.HI,   Nov.   7. 

In  the  same  volume,  p.  117,  Mis.  Fleming  announces  the 
star  as  variable,  and  gives  seven  measures  from  various 
H.C.O.  photographic  charts  and  spectra,  from  9M.2  to  6M.8, 
on  dates  from  1887  Nov.  7  to  1890  Oct.  17. 

The  Bonn  Observations  give  it,  1858  Jan.  7,  as  9M.2,  which 
is  the  DM.  magnitude. 

I  have  observed  the  star  eighteen  times,  from  1891  Dee.  .". 
to  1892  April  13  ;   the  original  observations  are  as  follows  : 


Light      Mag. 

Light 

Mag. 

1891  Dee 

5 

5.8       '.i.ti 

1892 

Mar.  16 

36.3 

*6.1 

1892  Jan. 

1 

6..-,       9.8 

19 

3;,.  3 

6.2 

31 

22.0        7.'.i 

21 

34.8 

6.2 

Feb 

15 

29.0       6.9 

24 

.",1..". 

6.27, 

J/ar 

4 

37..".       5.9  D 

29 

.",1.0 

6.8 

5 

35.3        6. 2D 

30 

31.7, 

6.75 

7 

36.3       6.1 B 

Apr.     6 

2'.i. (1 

f6.9D 

14 

38.0       5.8  J 

9 

29.9 

|6.9D 

16 

35.8       6.2 

*  Field  glass 

tB 

13 
iulit  sky 

24.0 

7.6 

Observations  were  given  up.  on  account  of  the  star's  near- 
ness p.  the  sun,  after  April  13. 

These  observations  indicate  that  a  maximum  of  about 
5M.8  occurred  1892  March  11  ;  the  faintest  observed  light  is 
9*. 9,  which  seems  to  be  nearly  the  star's  minimum  light,  the 
curve  at  this  magnitude  being  apparently  pretty  Hat. 

The  scale  of  magnitude  used  is  the  ordinary  historical 
scale,  the  estimates  given  for  the  comparison-stats  being 
made  from  the  light-scale  by  a  graphic  process,  and  being, 
from  the  limited  number  of  observations  available,  neces- 
sarily of  a  strictly  provisional  character.  The  comparison- 
stars,  with  their  estimated  magnitudes  are  as  follows: 

is:,:,. I) 


a 

8 

DM. 

Y. 

Light 

c  =  DM 

34°  469 

2 

27     0.2 

34     3.0 

:,.() 

5.6 

39.5 

9  = 

33° 454 

24     8.5 

33  7,4.2 

6.4 

6.4 

33.0 

h  = 

32    17s 

30  20.0 

32    17.2 

6.9 

6.9 

29.0 

k  = 

33 :  461 

25  31.4 

33     8.1 

6.6 

7.2 

27.0 

e  =  DM 

33° 482 

0 

31      6.2 

33  26.2 

8.0 

7.3 

26.0 

*  Mr.  Yendell's  continuation  of  the  variability  now  permits  the  definitive  notation  to  be  assigned  by  Dr.  Chandler,  viz.,  900  It 
Triangnli.  — Ed. 
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/  =  DM.  33    165 

2  26"  18'.] 

8 
33  32.2 

DM.       ; 
8  J      8  J 

Light 
20.0 

a=           33    171 

28  42.0 

33  34.8 

9.5     9.5 

9.0 

h  =  DM.  33°  467 

2   27    18.4 

33  38.1 

9.5    10.2 

3.5 

c  =  F  15  Trianguli. 

By  comparisons  of  all  the  above  observations  among  them- 
selves, a  period  is  indicated  of  about  290  days  ;  this,  in  view 
of  the  probable  difference  of  scales,  is  necessarily  rough,  but 

Dorchester.  Mass.,  1892  May  1  1. 


is  given  a  certain  weight  by  the  interval  of  tbirty-foui 
=  forty-three  periods,  between  the  date  of  the  Bon 
mate  and  the  time- at  which,  as  indicated  by  my  observations, 
the  star  in  it-  increase  reached  '•'.'-' ;  the  period  indicated  by 
tin-  inten al  i>  289  dt  ys. 

I  would  therefore  suggest,  as  provisional  elements  for  the 

star  : 

Maximum,  18!»2  March  II.  4-  288  days  /.' 
The  star's  color  is  a  full  yellow. 


PROM   A    LETTBE    OF   DR.  HIXD   TO   THE    EDITOR. 

i  a  1886  (short-period  comets),  and  Watson's  .1   dromache 
(no.  175),  which  has  not  been  observed  since  1877.      I 
Dr.  Berbebich's  definitive  orbit  for    Babnabd's,  and 
Kroeger's  last  orbit  for  l-'isi  it's,  with  the  elements  o 
dromache  by  Dr.  Bidschof  given  in  the  Berliner  Jahrbuch. 
In  heliocentric  longitude  153    25     1886.0),  I  find 

Time  from 


I  have  calculated  elements  of  Swift's  comet  from  Mr. 
Barnard's  observation  on  March  8,  one  at  Toulouse,  March 
21,  and  the  Paris  observation  of  April  4.  with  the  following 
result : 


T  =  1892  April  6.65862  Gr'eenw.  M.T 
tt  =  265  26   23.0  ) 


o.  =  240  54   29.6     M.  Eq.  1892.0 

t  =     3*   41    .Vs. 9  \ 

log  q  =.0.0115209 
For  the  middle  place,  the  errors  are 

J),  cos,}  =    —4". 7,     Jji  =  — 6". 2 
For  an  observation  at  Lyons,  April  15,  I  find 

/;.  cos0  —   — 13".6,       /•  =  — 2".9 

sometime  since.    I    noticed   the   following  near  approxi- 
mation of  the  orbits  of  comets  of  Barnard  1884,  and  I'i\- 

.">  Cambridge  Purl.  Twickenham,  1892  May  2. 


B  \KN  \UI> 

V 

—152  54.3 

log  r 

0.62579 

> 

Perihelion 

—  \.:,:,s 

FlNI.AY. 

+  1  15  50.2 

0.62579 

- 

+  1.221 

No.  175. 

—  140     0.6 

0.62112 

+  2   54.2 

—1.966 

Perturbations  neglected.    Babnabd's  and  Ftnlat's  would 
be  brought  together  at  1861 .  17. 

In  the  above  longitude  DeViCO's  comet  of  1*44.  has 

log  r  =  0.6! /.  =   +2"  54'.8 

.1.  R.  Hind. 


NOTE   ON    THE    DOUBLE   STAR    POUND    I'PON    THE    RUTHERFURD    8  CTGN1 

PLATES, 

By  HAROLD  .1  IlCOBY/. 

From  these  measures  it  would  seem  that  the  components 
have  not  changed  their  distance,  and  that  the  appearance  of 
change  upon  the  Columbia  College  negatives  of  1892  April 
19  i>  deceptive.  It  will  be  noticed  that  the  photographic 
measure  by  Mr.  Ri  niii:iii;i>  agrees  well  with  the  others. 
Mr.  Bornham  lias  found  another  companion  of  the  13th 
magnitude,  the  position  of  which  is : 


Professor  Leavi  nworth,  of  Haverford  College,  has  called 
jm\  attention  to  several  measures  of  the  double  -tar  num- 
bered 27  and  2*  in  the  list  of  Btars  surrounding  jl  Cygni, 
which  1  have  gi\  en  in  No.  265  of  this  Journal.     These  are  : 

2539  i:  1830.69 

Dcn.b.    1867.03 

Rutherfurd  Photo.    1875.7 

1878.73 

ibia  College  Observatory,  New  Fork,  1892  .1/"    16 


5.2 

5.36 

2.1 

5.38 

2.1 

5.32   i  A.J.  265) 

3.8 

5.60 

1652      ' 


- 


.NOTATION    POE    THE    ASTEROIDS. 

since  the  series  of  photographic  discoveries  of  asteroids  The  rapidity  with  which  recenl                   -  of  the  small 

by  Dr.  Max  Wolf  began,   1891    Nov.  28,  the   notation   of  planets  have  followed  each  other  renders  the  proper  ase 

these   bodies   has   fallen    into    painful    confusion.      Not    only  ment    of    their    distinguishing    numbers    very  difficult,    and 

has  the  chronological  order  been  entirely  disregarded,  but  questions  as  to  possible  identity  with  those  previously  found 

no  two  astronomical  publications    have  been  in  accord  re-  demand  not  only  laborious,  but  immediate,  computation.    ln- 

garding  the  numeration.  asmuch  as  a  temporary  omission  of  the  number  is  attended 
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with  less  incouvenience  tbau  is  caused  by  the  employment  of 
:ui  erroneous  one,  the  numbers  for  the  asteroids  Biuce  no.  822 
have  been  omitted  in  this  Journal,  in  the  hope  and  expecta- 
tion thai  some  mutual  understanding  among  astronomers 
might  be  established.     Since  November  last,  ten  havi 

f d  which  appear  nol   to  have  been  previous!}  observed. 

Few  of  these  have  been  designated  by  different  astron its 

with  accordant  numbers,  and  ii  is  much  t"  be  desired  that 
the  difficult  task  of  fixing  a  definitive  numeration  should  be 

delegated  by   coi on  consent  to   sonic   one  authority,  to 

which  all  can  defer,  as  is  now  the  case  for  the  i lenclature 

of  variable  stars.  Several  of  the  recent  iliscnx  eries  ha\ c  not 
been  telegraphed  to  this  country,  nor  have  the  numbers  em- 
ployed, in  any  of  "the  cases  referred  to,  followed  the  his- 
torical uriler.  Some  revision  is  urgently  needed,  for, 
although  it  is  a  matter  of  secondary  importance  that  the 
order  of  discovery  should  lie  followed  with  absolute  correct- 


ness, it  is  yel  of  the  Brst  importance  that  this  order  should 
be  approximately  correct,  and  that  none  should  be  omitted 
neratiou. 

The  facts  requisite  for  a  definitive  arrangement  are  not 
all  of  them  accessible  hen-.  The  discoveries  of  Bmall  planets 
have  during  recent  years  been  made  in  Europe  only ;  and  the 
resources  of  the  Berlin  Reclten-InstittU  are  now  especially 
needful,  for  solving  the  questions  of  identity  which  are  con- 
tinually ai'ising,  and  threaten  to  become  still  more  perplex- 
ing in  the  near  fill  in  e. 

The  appended  table  of  the  new  asteroids  found  since 
no. 321  (Pai.isa,  1891  Oct.  15),  is  the  most  trustworthy 
which  we  are  able  to  compile  at  present.     The  numbers  pr<  - 

fixed,    tu    designate    the    historical    order,    are    liy    QO    mean- 

advocated  as  necessarily  the  most  desirable  for  definitive 
adoption.  For  a  decision  regarding  this,  some  common 
agreement  must  be  awaited.  . 


( Irder 

Discovery 

822 

BORRELLY, 

Nov 

27 

3-23 

Wolf, 

Nov 

2.s 

32  1 

Wolf, 

Dec. 

22 

325 

Pai.isa. 

Feb. 

25 

326 

Wolf, 

Mar. 

4 

327 

Wolf, 

Mar. 

18 

328 

Wolf, 

Mar. 

19(a) 

329 

Won. 

Mar. 

19(6) 

.530 

Pai.isa, 

Mar. 

19 

331 

Wolf, 

Mar. 

21 

332 

Charlois, 

Mar. 

22 

388 

Charlois, 

Apr. 

1 

etc 


i  nher  i  Ibsen  at  ioni 
Nov.  29,  Dec.  1,  3,   I. 
Dec.  1.  18  (phot.) 
Dec.  23  (phot.),  31,  Jan.  1 
Mar.  6,  1  J.  15,  16,  etc 
Mar.5,17,(phot.),18,19,20,etc.  | 
Mar.  22,  24.  27  | 

Mar.  20,  22.  25  (phot.).  28 
Mar.  20,  25,  30  (phot.) 
Mar.  20.  Apr.  4,  25 
Mar.24(phot.),26,;29,30,et 


Astr.  Nachr.  Astr.  Journ. 

128,  p.  391  :  129,  2:;     p.  80 

12:i.  pp.   17,  7'J  112 

pp.  15,  81  !»6 

pp.  95,  146,  167,  275       186 

Mil.  167,  27.".  L60 
PP.  117,  183 

p.  188  168 
p.  24(1 

pp.  146,  243,  275  160 

pp.  183.  202.  275  168 

p.  150  ICO 
p.  183 


Nos.  308  and  -".22,  discovered   by   BORRELLY,    1891   March  Mr.  CHARLOIS    writes    that    he    has    assigned    to    the    first 


.'11  and  Nov.  27,  have  received  the  names  Potyxo  and  /'Inn.,, 
respectively. 


asteroid  discovered  by  him  (March  22).  in  this  quadricen- 
tennial  year,  the  name  Columbia. 


CORBIGEiNDA. 

Mr.  Barnard  writes  that  he  had  made  a  clerical  error  in  transferring  the  declination  of  the  new  nebula  from  his  note-hook,  and 
ask-  for  the  following  corrections  upon  p,  1GS  of  no.  261. 

J,N    for    +•-"  3".4    put     +2'  43". 4  |  .1  1S02.0    for     -fofl    39'  2'.4     put     +59°  39'  42M 

No.  265,  p.  7,  Star  2,  Prec.  in  a,    for    36».2116    /.»r    86".2216 


CM  NT  EN  '1'  S  . 

Solution  of  Struve's  Equations  for  the  Determination  of  the  Aberration,  taking   into  Account  toe  Possible  Variability 

of  tiu'.  Latitude,  by  Messrs.  B.  M.  Roszel  and  B.  S.  Annis. 
On  Some  Observed  Minima  of   1'Cygni,  by  Mr.  Paul  S.  Yi.ndell. 

Si   e    l  l  MENT    in  THE  ARTICLE  "  On  THE  CHIEF  CAUSE  OF  THE  ANOMALIES  IN  THE  LIGHT- VARIATIONS  OF    V'YOXI."llV   PROF.  N.  C.  DtJNBR. 

Hyperbolic  Elements  and  Ephemeris  of  Comet  a  1S92,  by  Rev.  G.  M.  Searle. 

On  the  Variability  of  DM.  33°  470  (.g  Trianguli),  by  Mr.  Paul  S.  Tendell. 
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OX   THE   VARIATION    OF    LATITUDE, 


By  S.  C.  CHANDLER. 
V. 


Iii  the  preceding  article-,  of  this  -erics.  Dear  the  end  of 
last  year,  it  was  shown :  first,  by  comparison  of  simul- 
taneous series  of  observations  in  opposite  longitudes  and 
latitudes,  that  the  observed  phenomenon  of  variation  of  lati- 
tudes is  not  local  or  regional,  but  terrestrial;  secondly,  that 
during  the  interval  between  1863  and  1885  the  pole  of  the 
earth's  figure  revolved  around  that  of  rotation,  from  west  to 
east,  iii  m  period  of  427  days:  thirdly,  that  about  1730  this 
period  was  but  slightly  longer  than  a  year:  fourthly,  that 
other  series  of  observations,  whose  results  were  not  then 
presented,  made  it  manifest  that  the  velocity  of  rotation  has 
been  slowly  diminishing  during  the  present  century. 

It  is  now  proposed  to  present  the  evidence  which  set  ms 
to  establish  the  following  additional  propositions. 

1.  The  rate  of  angular  motion  of  the  pole  was  a  maxi- 
mum about  1771.  when  its  daily  change  was  about  i  .034, 
■■nid  since  that  epoch  has  been  decreasing  at  an  accelerat- 
ing rate;  so  that,  for  instance,  in  IS.'iO  the  instantaneous 
velocity  was  diminishing  continually  by  the  one  hundred  and 
ten-thousandth  part  of  itself,  while  at  the  present  time  i;  is 
diminishing  by  the  seventy-five-thousandth  part. 

2.  The  law  of  the  angular  velocity  of  the  polar  motion 
may  be  expressed  numerically  as  follows:  let  6  be  the  daily 
angular  motion,  and  t  the  interval  in  days  from  1875  - 

18  :   then 

(1)     H  —  0°.852—0°.000  009  8  t  —  0°.000  000  000 132  t 

3.  The  law  of  the  periodic  variation  of  latitude  may  be 
expressed  as  follows:  let  Z*be  the  time  when  the  north  pole 
of  the  earth's  figure  passes  the  Greenwich  meridian  ;  / 
number  of  completed  revolutions  between  a  given  date  |  and 
the  adopted  principal  epoch,  and  6  the  daily  angular  motion. 
Then  the  instantaneous  value  of  the  latitude  c-  of  a  place 
whose  mean  latitude  i>  c, .  and  whose  longitude  is  /..  will  be, 

(■-') 


»  bere 
(3) 


V  =  to  —  0".22  cos[X+ («—  T)0] 

T  =  1875  Sept.  18.5  +  VJ-J\:>G  E  +ld.0:!l  Es 

+  0.i  067  E* 


360 


in  which  /'  =  423d.62    - 


From  the  above  law  it  will  be  seen  that  the  period  was 
lengthening  about  a  day  in  L840,  and  about  two  days  in 
1875,  at  each  revolution. 

1.  During  the  last  half-century,  at  least,  the  radius  of 
revolution,  or  angular  separation  of  the  poles  of  figure  and 
rotation,  has  remained  sensibly  constant. 

5.     The    comparison    of    the    absolute    and    differential 
determinations   -hows   that    the   phenomenon    pertaii 
link    to   a    variation    of    the    zenith,    ami    in    no   pail    to    a 
simultaneous  variation  of  the  zenith  and    the  astronomical 

These  conclusions  have  been  drawn  from  the  dis 
a  very  considerable  number  ol  iservatious.     The 

which  the  investigation  has  taken  may  be  judged  by 
the   first    live  columns  of  Table   I.   which  embraces,    with 

tolerable  completeness,  all  the  data  readily  available  for  the 
purpose,  ill  the  published  results  of  the  last  half  century. 
I  have  in  hand  other  similar  scries,  but  the  computations  are 
yet  unfinished.  1  do  not  think  they  will  change  the  charac- 
ter, or  essentially  add  to  the  certainty,  of  the  laws 
deduced,  although  their  inclusion  may  materially  improve 
the  numerical  constants. 

The  forty-five  -eric-  contained  in  the  table  have,  witli  two 
exceptions,    been    treated    in   an   entirely  homogeneous   man- 
ner,  the  general    features    of   which    I    will  now    procei 
describe.     The  presentation  of  the  details 
several -series  is  reserved  foi   a  subsequent  article.     1 
present  it  will  suffii  i  b  group  the  data 

were  assembled  as  exemplified  (Vol.  XI.  pp.  66-70),  inl 
limits  of  a  single  period,  using  a  provisional  approximate 
of  the  period  for  that  epoch.      I  ;o  en- 

large on  the  fact  that  the  values  of  the  semi-amplitude  ■ 
latitude-variation,  r,  and  the  observed  time  of  minimum  lati- 
tude,  '/'.  deduced    from  each   series,  will    lie  affected   only  by 

very  subordinate  errors  on  account  of  error  in  the  period 
thus  assumed,  as  a  first  approximation. 
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TABI  i      1.       I'l  RIODII    u.    V  kBl  MI..N 

ii    Latitude;  Observed  Semi-amplitudi    vsv 

Time  <n    Minimi  h. 

Series 

atorj 

imi  Dl 

Stars 

r 

/ 

> 

1 

E 
31 

1 

1)  n  icli 

1837.  -48. 

Reflex  Zenith-Tube    y  Draconis 

1842  1  eb.  12 

0 

II 

Pulkowa 

10.6-44.7 

Prime-A  ert.  Transit    7  stars 

o  o 

•     Mar.    5 

—  31 

2 

:;i 

III 

Radcliffe 

10.0    15  0 

Transit-Circle 

Polaris 

.211 

■■    Oct.    19 

+     1 

1 

30 

IV 

Pulki  m  a 

12.2-43.5 

Vertical  Circle 

7  stars 

.088 

1843  Jan.   13 

-  31 

2 

V 

Pulkowa 

42.4-44.8 

.. 

Polaris 

.051 

•■     Apr. 

2 

\  1 

i|  ( lood  Hope 

12.6-4  1.8 

Mural  Circle 

,  ( 'entauri 

.31  1 

••    Apr.  26 

-    19 

2 

VII 

Berlin 

15.4-  16  9 

Pi  ime-Verl .  Transit  :>  Draccfnis 

.278 

1846  Jan.  25 

-  11 

2 

•-'7 

\  in 

i: .i  li  liffe 

15.0-49.9 

.Mci  idian-<  ircle 

Polaris 

.413 

1847  Feb.  12 

+   1 

1 

26 

IX 

Washington 

15.5  50.9 

Prime-Verl .  Transit 

a  Lyra* 

.21'  1 

1    IS  Mar.  30 

1 

1'5 

X 

( Ireenn  icb 

52.  -59. 

Reflex  Zenith-Tube 

j   Draconis 

.220 

1855  Oct.  28 

0 

1 

18 

XI 

1 ' 

56.0-62.0 

Mural  ( lircle 

Nadirs 

.281 

1859  Jan.  31 

—     3 

2 

15 

Ml 

( '•  reenwioh 

57.  -64. 

Reflex  Zenith-Tube 

;  Draconis 

.193 

I860  Mar.  25 

0 

"J 

11 

Mil 

Saul  ia  ' 

60.8  64.4 

Meridian-Cii  cle 

,'■('■  n  In  a  ri 

.171 

1862  Feb.     3 

+    79 

1 

12 

XIV 

Washington 

62.3-67.2 

Prime-Verl .  Transit 

ii.  Lyras 

.164 

1864  Dec.  I  l 

+   87 

3 

9 

XV 

Pulkow  a 

63.9-67.8 

Vcrl  ical  Circle 

l .")  soul  hern  stars 

.223 

1865  Apr.  13 

—  34 

2 

9 

XVI 

Leydeu 

64.3-68.5 

Meridian-Circle 

Pi, Inn's 

.107 

■     May     7 

—     5 

2 

9 

XVII 

Pulkon  a 

63.9-70.2 

Vertical  Circle 

Polaris 

.216 

■■    June  1 7 

—  34 

:; 

9 

XVII] 

( !  reenn  icb 

64.  -69. 

Reflex  Zenith-Tube 

;  Draconis 

.295 

1866  Aug.    6 

0 

2 

8 

XIX 

Melbourne 

63.5-67.5 

Transit-Circle 

3<i  pulars 

.141 

1867  Jan.     3 

—166 

1 

8 

XX 

Washington 

66.0-70.6 

.. 

1 

.382 

1868  June  16 

+   89 

1 

■; 

XXI 

Melbourne 

67.5-71.5 

" 

36  polars 

[   -087] 

[1869  Oct.  8 

—168 

0 

_ 

XXII 

Washington 

67.0-73.0 

" 

8  &  l 1  Vs.,  51  CepU. 

.340 

■■    Oct.    1 

+   89 

1 

5 

XXIII 

Pulkowa 

7  1 .5-75.5 

Vertical  Circle 

Polaris 

.146 

1872  June  21 

-  :;.-, 

3 

3 

XXIV 

Melbourne 

71 .5-75.5 

Transit-Circle 

36  polars 

.205 

••    Nov.    8 

—170 

1 

3 

XXV 

i .  i  eenwich 

70.  -75. 

Reflex  Zenith-Tube 

;•  Draconis 

[  .096]  [  "    Sept.  5]          0 

0 

_ 

XX\  1 

Washington 

71.6-75.7 

Transit-Circle 

Polaris 

.143    1873  Jan.  21  +   90 

1 

—  2 

XXVI I 

Washington 

73.0-80.0 

"          " 

8&i.Urs.,o]  Geph. 

.127    1876  Aug. 21  +   91 

1 

+    l 

XXVIII 

Melbourne 

75.5-80.0 

"          " 

36  polars 

.121     1877  May     7  —172, 

1 

1 

XXIX 

Cordoba 

72.5-81.0 

Meridian-Circle 

5  I  polars 

.128    1876  Sept.  25  +   76 

2 

1 

XXX 

Washington 

75.8-79.0 

Transit-Circle 

/'ii/, iris 

.387    1877  Nov.  21  +   92 

1 

2 

XXXI 

Pulkowa 

79.9-82.1 

Prime-Vert.  Transit 

■_'  1  zenith-stars 

.067    1880  Sept.    5  —  37 

2 

4 

XXXII 

Washington 

79.1-83.0 

Trausit-(  lircle 

Polaris 

.165    1881  May     6  +   93 

1 

5 

XXXIII 

Willet's  Point 

80.8-85.6 

Zenil  h-Telescope 

.273    1882  June  26  +  90 

1 

6 

XXXIV 

Washington 

82.9-84.6 

Prime- Vert.  Transit 

n  Lyrae 

.165    1883  Dee.     2 

+    91 

•_> 

7 

XXXV 

Washington 

80.0-87.0 

Transit-Circle 

fi&;.J7rs.,51  Geph. 

[  .102]  ['84  Feb.  29 

+    94 

0 

_ 

XXXVI 

Cambridge 

84.  -85.5 

Almucantar 

B.J .  stars 

.221       ••    Oct.     19  +   87 

2 

« 

XXXVII 

Berlin 

84.  -85. 

Universal  Transit 

7  pairs 

.240     1885  Mar.  22  —   17 

2 

8 

XXX  VI 11 

Madjson 

83.5-85.9 

Meridian-Circle 

Polaris,  etc. 

.309    1884  Oct.   14  +110 

1 

8 

XXXIX 

Washington 

83.1-87.0 

Transit-Circle 

Polaris 

.406    1885  Jan.  21  +   95 

1 

8 

XI. 

Bethlehem 

88.7 

Zenith-Telescope 

+    94 

1 

11 

XI. I 

Bethlehem 

89.9-90.9 

11                  it 

.249    1889  Nov.  11 

+   94 

2 

12 

XL1I 

Prague 

89.2-91.4 

"          " 

.235    1890  Feb.    8 

—  18 

3 

12 

XI. Ill 
XLIV 

Potsdam 
Berlin 

88.9-90.3 

89.0-91.4 

■)4-> 

"      Feb.    11 

—    17 

3 
3 

12 
12 

.210 

'•    Feb.  12  —  17 

XLV 

Pulkowa 

90.3-91.0 

Prime-Vert.  Transit 

13  zenith-stars 

0.256        •     Feb.  14—38 

•> 

+  12 

Each  series  thus  gives  a  number  of  dates  ami  correspond- 
ing observed  values  of  /v"  ( *  *  —  V  )  •  in  which  C  is  an  arbitrary 
assumed  value,  e>'0,  of  the  true  mean  latitude,  </,,.  In  the 
equation  ou  p.  70, 

(5)  9=  «r„-rcos[A+(«-T)0] 

T  is  the  time  when  the  north  pole  of  figure  pas^s  the 
Greenwich  meridian.  Call  7"  the  corresponding  time  when 
it  passe--  the  local  meridian.      Then,  since 


(6) 


T  =   T'  +  - 
6 

a  —  c,  =  —  r  cos(t- 


-T')$ 


Further  put 


T'B+    IT 


y  =  —  r  sin  u  IT 
b  =  sm(t—  T'a)6 


z  =  —r  cis  6  I 'J' 

c  =  cos{t—T\,)0 

anil  (5)  becomes         x  +  by  +  cz  =  n 

Each  observed  mean  value  of  /v'(0 — C)  give 
tion  of  condition  of  this  form.  The  values  of  the 
being  found  by  least-squares,  we  have 


r  =  \  ?  +  z* 
and  thence  T'  by  eq.  (7). 


tan  b  IT  =  ■' 


|« 

(9) 

3  all  eqlia- 

unkuowns 
(10) 
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In  this  way  were  found  tin-  values  of  tin-  observed  semi- 
amplitude  and  lime  of  minimum  in  columns  0  and  7  of  Table 
I.  Column  8  gives  the  correction  to  lie  added  to  7",  by 
eq.  (6),  to  get  the  corresponding  time  T  for  the  Greenwich 
meridian,  which  will  lie  found  in  column  9  of  Table  II.  ex- 
pressed in  Julian  dates.  In  the  solution  of  the  conditional 
equations  ('■»)  the  probable  errors  were  also  computed,  bul 
these  of  course  constitute  but  one  element  to  be  considered 
in  estimating  the  proper  weights  for  the  various  determi- 
nations.' The  adopted  weights  are  given  in  column  9.  Finally, 
in  column  10,  is  placed  the  number  of  the  epoch,  E,  or  the 
number  of  revolutions  of  the  pole  reckoned  from  an  arbitrary 
zero,  corresponding  to  the  meridian  passage  occurring  in 
1875. 

In  the  previous  articles  I  have  more  than  once  adverted 
to  the  fact  that  the  period  of  polar  revolution  is  gradually 


ining.     Thi-  rly  in  the  ii 

gation,  indeed,  that  I  abandoned  tin-  plan  originally  :■ 

Of  discussing  the  data  t'oi  ward,  chronologically,  and  ill 

to  work  backward  from  the  present  time.     When,  tic, 
the  larger  portion  of  the  material  in  Table  I  I 
ami  1890   had   been   heated   in  the  manner  described,  with 
the  results  there  given,  I   made  a  firsl  approximation  to  the 
law  of  variation  within  t  his  interval,  in  ordei  the  , 
tainlv  and  conveniently,  to  carry  back   the  inquiry  to  earlier 
dates.     It  was  primarily  intended  to  limil  of  the 

present  papei  to  the  determination  of  the  law  prevailing 
during  the  last  half-century  merely,  pending  the  completion 
of  the  computations  relating  to  observations  anterior  to 
18-10,  which  are  still  unfinished.  I  shall  employ  here,  how- 
ever, the  partial  and  provisional  results  contained  in  the 
appendix  to  Table  I . 


Table  I.  Appendix;  Provisional  Data  of  Earlier  Observations. 
Observatory  Hate  Instrument  Stars  r  T' 


Bradley, 


Kew 


"  Wanstead 

"  Greenwich 

Brinklet,        Dublin 


Stw'vk. 


I  (orpal 


1726.0-27.8       Zenith  Sector  (1)     y  Draconis 


1727.8-31.2 
1750.6-53.5 

1808.5-14.0 
1818.  -22. 
1822.9-27.5 


'•       (2) 
Mural  Quadrant 
Vertical  Circle 

Mendian-C  trcle 


0.30: 
10  zenith-stars  .50  : 
Polaris  .35: 

.<  Lyr  "  .'■'■■ 

;  Vrac,  &c.       .50: 
Nadir-points     0.20: 


1  726  April  is 


o 


1729  April  27  0  1 

1751  Aug.  30  0  1 

1811  June  26+6  1 

1819  June  14+6  1 

1825  Mav    28     —27  1 


—151  ? 
—148? 

—  125? 

—  62? 

—  :.  i :- 
18? 


Table  II   gives   the  values   of    T  found  from  eq.(6)  from  the  data  of  Table  I.  and   their  comparison  with  various   eh 
ments  hereafter  derived,  as  will  lie  duly  explained. 


Table  II.     Comparison  oi    Formulas  with  Observed  Times  or  Minimum   Latitude. 


Series 

E 

( Observed 

O  — C 

Series 

B 

( observed 

0  — C 

T 

r 

11 

III 

T 

I 

II 

III 

a 

d 

d 

d 

d 

d 

1 

— :?i 

2393879 

+     18 

+      9 

+   40 

1 

XXIV 

—  :i 

2404936 

+    71 

+  4:» 

1 

II 

:;i 

3869 

+      8 

—      1 

+   30 

2 

XXV 

- 

[5042] 

- 

_ 

- 

0 

III 

.-111 

llL'il 

—  98 

—  109 

—  87 

1 

X\\  1 

2 

5270 

—    17 

—  38 

—  39 

1 

IV 

30 

lis:; 

—  44 

—  55 

—  :!:; 

■> 

XXVII 

+  1 

+    17 

+     1 

-       - 

1 

V 

30 

1 263 

+   36 

1     25 

+    17 

■> 

XXYIII 

1 

+      9 

—      7 

0 

1 

VI 

80 

1298 

+    71 

+   60 

+   82 

■> 

XXIX 

1 

- 

VII 

27 

5308 

—  2!> 

—  46 

—    16 

2 

XXX 

2 

7o|o 

+  ;;i 

1 

\  III 

26 

5706 

—     ."i 

—  24 

—  2!) 

1 

XXXI 

1 

7'.'L'7 

+    C6 

2 

I\ 

25 

6198 

+  111 

+   91 

+   so 

1 

XXXII 

"i 

+     3 

—     4 

1 

X 

is 

2398885 

+  110 

+   82 

+    51 

1 

XXXIII 

6 

8713 

—   22 

—    12 

1 

XI 

15 

2400073 

+  110 

+   87 

2 

XXXIV 

7 

9241 

•■ 

XII 

1  1 

0495 

+  110 

+  111 

+   80 

2 

WW 

- 

_ 

_ 

_ 

0 

XIII 

12 

1  25  1 

+    !i  7 

+   68 

+  :;:> 

1 

WW] 

8 

—   01 

—  40 

L' 

XIV 

9 

2307 

—  68 

—  96 

—  lis 

S 

XXXVII 

- 

—    11 

—     ."i 

•J 

XV 

9 

2306 

—  69 

—  97 

— 1  19 

2 

WW  III 

- 

:<.-.7l 

1 

XVI 

'J 

2359 

—  10 

—    11 

—  66 

■> 

XXXIX 

s 

+    41 

1 

XVII 

:t 

2371 

—     4 

—  32 

—  .')! 

3 

XL 

11 

1 

XVII] 

8 

■J  s  I'll 

+      s 

—   12 

■j 

XI. 1 

12 

1412 

+      7 

•J 

XIX 

s 

2804 

|     19 

—     8 

1 

XI. II 

12 

1389 

—  it; 

_     ;; 

XX 

6 

3589 

22 

—     IS 

—   01 

1 

XI. Ill 

12 

—    12 

+     l 

+      6 

XXI 

- 

[3811] 

- 

- 

- 

0 

XLIV 

12 

1394 

-    11 

+      7 

XXII 

.") 

1061 

+   .",1 

•     10 

—      1 

1 

\l.v 

2411375 

_  .-,o 

—    17 

—    12 

■  • 

XXIII 

—  :i 

2404931 

+   66 

1     I  1 

3 

•ill 
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Uniting  the-  several  determinations  of  tbe  Bame  epochs 
according  to  weights,  we  have  the  normal  values  of  T 
in  Table  111. 

Table  III.     Nokm  \i,  Epoi  hs. 


/■; 

/ 

/• 

B 

T 

P 

1 5 1  ? 

285 l 575 

1 

—   9 

2402336 

in 

148? 

2352680 

1 

8 

28 1 5 

8 

1  25  ? 

0840 

1 

6 

3589 

i 

62? 

2882702 

1 

5 

1061 

l 

5  1  ? 

2385606 

1 

3 

1932 

4 

18? 

2387748 

1 

■> 

5270 

1 

31 

2393872 

.", 

+    1 

6588 

4 

30 

1231 

7 

2 

7040 

1 

2  7 

5366 

2 

1 

7927 

2 

26 

5706 

1 

."i 

8300 

1 

25 

6198 

1 

6 

8713 

1 

18 

2398885 

1 

7 

9241 

2 

15 

2400073 

2 

8 

2409593 

0 

1  1 

0495 

•> 

1  1 

2410987 

1 

—     12 

2401254 

1 

+  1  2 

2-111392 

13 

Let  us  Brsl  confine  our  atteution  to  the  observations  since 


1840,  namely  to  the  interval  between  E — '■'•]   and  1. 

during  which  there  is  no  doubt  about  the  numbei  of  < - 

pleted  iv  \  ul  mic  in-  between  tbe  consecutive  data  of  Table  III. 

Taking  differences  as  indicated  in  the  first  col f    I 

I V,  we  arrive  directly  at  the  observed  values  of  /'in  column 
3,  below  the  horizontal  black  line,  with  the  corresponding 

mean   values  of    E   and    '/'   immediately  following.     !■' 

these  observed  values  of  P  we  gel  the  observed  values  ol  6 
in  column  7.  It  is  seeB  al  once  thai  these  vary  quite  uni- 
formly with  the  time,  and  this  is  confirmed  by  calculation. 
For,  if  we  assume  the  form  of  expression,  0  —  6„  —  kr, 
t  =  T —  '/'„,  in  which  T,  i>  the  time  of  principal 
epoch  of  minimum  ( 1875  Sept.  18),  we  find  by  leasl  sq 
using  the  wi  ighl s  in  column  6, 


6  =  0°.848  —  0°.( >  \:-.r 


(11) 


the  \  alues  of  "  bicb  are  given  in  column  8,  "  Computed  b(\) ." 
The  agreement  with  the  observed  value.-  is  extremely  satis- 
factory, so  far  as  the  column  In-low  the  black  line  is  con- 
cerned. 


Table  IN'.     Determination 

(.1    Daily 

Angular 

\  1  1 ...  1  rv  (#)  of  Polak   I!i  voli  ik.n. 

( lompared 

Epochs 

Interval 

Observed  /' 

M 
E 

■an 

T 

V 

1  (bserv'd 

6 

Computed  0 

Comp. 

r 

J/' 
O  —  C 

I 

II 

a 

a 

a 

d 

—151  & 

—148 

1105 

3  X  368  3 

—  1-19.5 

2352127 

1.5 

0.978 

1.303 

0.991; 

361.5 

4-   6.8 

1  18  ■• 

125 

8160 

2.-.  X  354.8? 

136.5 

2356760 

11.5 

1.015? 

1.264 

l.o]  1 

355.0 

—  0.2 

125  •• 

62 

21862 

1;;',  X  347.0? 

93.5 

2.">71771 

31.0 

l.o.-.s'r 

1.139 

1.033 

348.5 

—   1.5 

62  " 

54 

2904 

8  x  363.0 

58 

238  1 1  ■".  1 

4.0 

0.992 

1.033 

1.004 

358.6 

+    4.4 

.".1  •• 

48 

2  1 4  2 

6  X  357.0 

51 

2386677 

3.0 

1.009 

1.012 

0.993 

362.5 

—  5.5 

48  " 

31 

6124 

17  x  360.2? 

39.5 

2.",9(i.sl(l 

12.8 

1. >': 

0.977 

0.971 
0.945 

370.8 
381.0 

—10.6 

+    6.7 

31  " 

25 

2326 

C  X  •'1*7.7 

28 

2.",9.V).",o 

4.5 

0.929 

0.9  11 

30  " 

18 

4654 

12  X  387.8 

24 

6558 

111.7. 

.928 

.928 

.935 

385.0 

+    2.s 

27  " 

15 

4765 

12  X  397.1 

21 

7690 

12.0 

.907 

.919 

.925 

389.2 

+    7.9 

26  •• 

14 

4789 

12  X  .".99. 1 

20 

8100 

8.0 

.902 

.916 

.922 

390.5 

+   s.6 

25  " 

12 

5056 

13  X  388.9 

18.5 

2398726 

6.5 

.926 

.910 

.917 

392.6 

—  ;;.7 

18  " 

9 

3451 

9  X  383.4 

13.5 

2 110 

8.2 

.939 

.894 

.902 

399.1 

-15.7 

15  ■■ 

8 

27  12 

7  X  391.7 

11.5 

Mil 

8.4 

.919 

.887 

.895 

402.2 

—10.5 

14  " 

6 

3094 

8  X  386.8 

10 

2012 

5.3 

.9.",  1. 

.882 

.890 

104.5 

—  17.7 

12  " 

5 

2807 

7  X  401.0 

8.5 

2657 

3.5 

.898 

.877 

.885 

406.8 

—  5.8 

9  " 

8 

2596 

6  X  432.7 

6 

3634 

17.1 

.832 

.869 

.876 

-111.0 

+  21.7 

8  " 

— 2 

2455 

6  X  -li  19. 2 

5 

4042 

4.5 

.880 

.866 

.872 

-11  2.  s 

—  3.6 

6  " 

+  1 

2999 

7  X  428.4 

2..". 

5088 

5.6 

.840 

.857 

.862 

11  7.C, 

+  10.8 

.">  " 

2 

2:i7:i 

7  X  425.6 

—      1.5 

.">.".  .".11 

3.5 

.846 

.853 

.858 

419.6 

+   6.0 

3  " 

4 

2995 

7  X  427.9 

+      0.5 

6430 

9.3 

.842 

.846 

.si:. 

424.0 

+  3.9 

—     2  •' 

5 

3030 

7  X  432.9 

1.5 

6785 

3.5 

.832 

.843 

.sir, 

425.5 

+    7.4 

+      1  " 

6 

2125 

5  X  425.0 

3.5 

7650 

5.0 

.si  7 

.835 

.837 

430.1 

—  5.1 

2  " 

7 

2201 

5  X  440.2 

1..". 

8140 

3.3 

.sis 

.831 

.832 

432.7 

+    7.5 

1  •• 

S 

1666 

4  X  116.5 

6 

8760 

6.0 

.864 

.826 

.826 

435.8 

—19.3 

."i  •■ 

11 

2687 

6  X  44  7. s 

8 

2409644 

3.0 

,so| 

.819. 

.816 

441.2 

+   6.4 

+     6  " 

+  12 

2f,  7:« 

6  X  446.5 

+     9 

2410052 

5.6 

0.806 

0.815 

0.812 

443.3 

+  3.2 

It  thus  appears  to  be  demonstrated-,  as  a  preliminary  result, 
that  the  instantaneous  rate  of  angular  motion  of  the  pole  has 
been  diminishing  during  the  last  half  century,  at  <i  sensibly 

uniform  rate,  by  its  one  hundred  thousandth  part. 

Let  us  now  go  further  back.     Compare  the  column  "Ob- 


served 6."  above  the  black  line,  with  the  corresponding 
values  computed  from  eq.(U)  in  the  succeeding  column. 
The  numeration  of  the  epochs  between  Bradley's  Kew  anil 
his  Waustead  observations,  between  Buinki.ey's  two  epochs, 
and  between  these  and  Struve's,  is  open  to  no  doubt.    These 
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correspond  to  the  1st,  4th  and  5th  values  of  0.    We  are  thus 
able  tu    lix    approximately  the    numeration    of    the    i 
which  furnish  the  2d,  .'id  and  6th  values,  subject  only  to  the 
error  arising  from  a  possible  error  of  unity  in  the  differences 
of  E  in  the  first  part  of  the  third  column. 

It  is  manifest  that,  for  these  earlier  observations,  tin'  rate 
of  the  variation  in  (t  is  not  the  same  as  we  have  jusl  found 
to  prevail  subsequent  to  1840;  ami  thai,  if  we  an-  to  satisfy 
the  observations,  we  must  assume  a  law  of  the  form, 

(1-2)  6  =   e0  —  kT  —  k'T- 

I  >etermining  the  values  of  k  and  k'  on  this  hypothesis  we  find, 

6  =  0°.848  —  0°.0000098t  —  0°.000000000132  t! 

This  is  the  same  as  eq.(l),  p.  17,  except  tin-  constant 
term,  which  was  subsequently  slightly  modified  to  conform 
to  the  solutions,  to  be  presently  given,  which  determine  the 
period  directly.  The  values  of  eq.  ( l )  arc  placed  in  column 
9  of  Table  IV  ;  and  the  corresponding  values  of  /'and  their 
differences  from  the  observed  quantities,  are  in  the  last  two 
columns. 

The  doubt  about  the  periods  elapsed  between  some  of  the 
earlier  series,  above  spoken  of,  affects  slightly  the  numerical 
value  of  the  coefficients,  but  not  the  character  of  the  general 
law  incorporated  in  eq.(12),  whose  existence  I  therefore  re- 
gard as  established,  from  the  observations  of  the  past  one 
hundred  and  sixty  years.  1  am  well  aware  of  the 
importance  of  this  conclusion  on  account  of  its  incompati- 
bility with  the  theory  of  the  earth's  rotation  heretofore  uni- 
versally accepted,  even  as  modified  by  Prof.  Newcomb's 
considerations  as  to  the  earth's  elasticity  and  the  mobility  of 
the  ocean  ;  for  even  the  latter  requires  a  constancy  in  the 
angular  velocity  of  the  motion  of  the  principal  axis  of  inertia 
relatively  to  the  instantaneous  axis.  Nevertheless,  I  do  not 
see  how  we  can  interpret  the  results  of  observation  in  any 
other  reasonable  way  ;  and  unless  the  above  interpretation 
can  be  successfully  disproved,  the  theory  cannot  be  con- 
sidered complete  until  the  result  here  reached  is  accounted 
for. 

Integrating  eq.(12),  we  have  the,  total  angle  described  in 
I',  revolutions, 

360°  E  =  0tlr  —  i.  At'-'  —  \/,V 
860 
'/„ 
the  Greenwich  meridian  at  the  principal  epoch. 


wl 


Hitting      P„   = 


and   '!'„  for  the  lime   of   p 


T 


T„  +  /'.  A'    hi      r     ' 


/.■' 


Developing  in  powers  of  /.'.  neglecting  those  higher  than 
the  5th,  and  introducing  the  numerical  values  of  /,•  and/,' 

already  found,  we  find, 

T  =  7'„  +  1\E  +l''.o:;i    /■:     *   o*.009  /' 

(18)  +  04.000067   A."   •   0d. 001  8  A.' 

It  remains  to  determine   '/',  and  /'   from  the  data  of  Table 


II.     First,  comparing  column  3  with  the  assumed  approxi- 
mate elements 

r  =  240i         1-427  v.  -i  (I) 

we  have  column  I  of  <»  —  (  .     To  seh  the 

rations   may  be  represented  by  a  period  varying 
formly  with   the   time,  a   solution   by  least  squares,  with   the 
weights  gi\cn  iii  the  last  column, 


2406154d.4   -   I-.'.".  .25  .E  -   0 
±0.49  i 


.11 


Adopting  the  numerical  values  of  the  cofficients  ol  E  .  A.  . 
A'1,  as  found    by  eq  (13),    introducing   tic   corresponding 

rigorous  equation  of  condition  into  the  i litional  equation?. 

and  solving  for  T„  and  /',  ,  we  have 

T  =  2406150J.5  +  422d.56  E  +  ld.034  E-  II! 

+  0d.009  /.  067  E* 

which  are  adopted  as  final.  The  finite  difference  gives  /'. 
as  in  eq  (4).  The  comparison  of  elements  II  and  III  is 
given  under  0 —  C  iii  Table  II.  A  study  of  the  residuals 
presents  some  instructive  points,  and  will  be  taken  up  later. 
An  examination  of  the  column  I'  in  Table  I  yields  two  in- 
teresting  inferences  with  regard  to  the  amount  of  the  angular 

Separation  of  the  axes  of  figure  and  rotation.      Table V  gives 

the  means,  by  weights,  of  this  quantity,  in  three  chronological 
groups,  ami  separately  for  the  absolute  and  differential  de- 
terminations. From  this  we  are  able  to  infer  that  it  has  re- 
mained sensibly  constant  during  the  last  half  century. 
Whether  this  inference  can  be  extended  to  earlici 
must  remain  tin  open  question,  until  we  obtain  mote  precise 
iii  -  than  the  rude  estimates  given  in  the  appendix  to 
Table  1. 


Tabl 

V. 

Am.i  i 

w;  Si  PAE  \  1  IoN 

01 

Poles 

Interval 

Absolute 

rential 

All 

1840-60 

/' 
4 

0".182 

/' 
11 

0».217 

20 

.198 

10 

.209 

so 

.202 

1880   91 

3 

.293 

22 

.215 

25 

.224 

! 

2  7 

0".206 

43 

0".218 

70 

o'.-ji:: 

It  does  not  seem  superfluous  to  adduce  another  significant 
fact,  the  substantial  equality  of  this  element  a?  obtained  by 
the  absolute  ami  differential  methods.  This  could  not  subsist 
if  the  phenomenon  were  of  the  nature  of  a  revolution  of  both 
axes  about  a  common  point  in  the  celestial  sphere,  \\  ■ 
may  conclude  that  it  is  entirely  due  to'a  rotation  of  the  in- 
stantaneous axi?  relative  to  a  lixed  point  in  the  earth's  crust. 

Ill  tin?    there    is    an    entile    accord  with    t  heory.  according    to 

which  only  one  three-hundredth  part  of  the  obsen  ed  radius  of 
0".22,  or  0".0007,  is  i\ur  to  an  actual  nutation  of  the  rota- 
tion-axis 
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ORBIT   OF    NEPTUNE'S  SATELLITE, 

111      iSSISI  VM      llSl  ROKOM1  i:     \.    II  A  1. 1..    JR. 

Communicated  by  permissl t  Captain  K.  V.  McN  im,  Superintendent  Naval  <  tbservatory.] 

following  observations  of  Neptune's  satellite,  made     enough  for  these  reductions.     Foi  Prof .  Hall's  observations 


during  the  opposition  of  1891,  92  with  the  26-incb  equatorial 
of  the  Naval  Observatory,  arc  communicated  now,  since  they 
are  of  interest  as  confirming  the  reality  of  the  slow  motion, 
nearjy  proportional  to  the  time,  of  the  orbit-plane  of  the 
satellite  with  respect  to  the  orbit  of  Neptune. 

Mr.  A.  Marth.  in  Vol.  XLV]  of  the  Monthly  Noticesofthe 
J,'.  Astr.Soc,  has  called  attention  to  these  curious  changes, 
and  Ml".  TlSSERAND,  in   Tonic  (ATI  of   the  Co/ii/ilcx  h'i/i(iiix, 

has  shown  that  they  may  result  from  :i  slight  flattening  of 
the  planet. 

These  observations  were  made  in  the  following  manner  : 
lir>t.  four  settings  in  position-angle  were  made,  then  three 
double  distances  were  observed,  and  then  four  more  position- 
angles.  As  printed,  the  observations  are  completely  reduced, 
the  distances  having  been  reduced  when  necessary,  to  the 
time  of  the  position-angles.  The  measures  of  Oct.  28,  aud 
the  first  measures  of  Dee.  5,  Dee.  10,  and  Jan.  17,  were  made 
by  Prof.  Hall.  The  value  of  a  micrometer  revolution  is 
R  =  9". 9198,  determined  by  measuring  the  difference  of 
declination  of  the  stars  Electva  and  Celaeno  iu  the  Pleiades. 
Though  there  is  little  uncertainty  with  regard  to  the  places 
of  the  stars,  yet  the  value  of  a  revolution  is  quite  accurate 


R  =  9". 9370,     determined  by  him  in  the  same  way. 

The  following  circular  elements,  referred  to  the  equator, 
were  used,  with  which  to  compare  the  observed  plai 

1883.0.     Washington  Mean  Time. 
Dist. from  node  on  equator  at  epoch,  u  =  209  .99 

Inclination  T  =  120°.052  +  0 bt 

Node  A*=  184°.316  +  0°.0095« 

Periodic  time  5.8769  days 

Mean  distance  a  =  16". 300 

where  t  is  expressed  in  years.  Under  the  observations  of 
the  satellite  /"pandas  are  taken  in  the  sense  C  —  O.  The 
equations  of  condition  for  obtaining  corrections  to  these 
elements  were  solved  separately  for  the  position-angles  and 
distances.  The  residuals  are  given,  found  by  substituting 
the  values  of  the  corrections  thus  obtained.  The  probable 
error  of  one  equation  as  derived  from  a  comparison  of  the 
observations  among  themselves  is  ±0".2634  for  the  po- 
sition-angles, and  ±0".2643  for  the  distances.  In  form- 
ing the  equations  of  condition  the  same  weight  was  given  to 
each  equation. 


Observations 

or  Neptune's  Satellite. 

Pate 

Washing- 
ton M.T. 

Observed 
P 

JV 

Residua] 

i  ibsen  'd 
s 

Js 

Residual 

Remarks 

189 

h         m 

Oct. 

28 

11      17.0 

63.46 

4-1.37 

+  0.428 

16.65 

—  0.01 

+  0.387 

faint 

Nov. 

7 

11   32.1 

193.00 

+0.73 

—0.613 

11.80 

—0.25 

—0.535 

faint 

9 

11     8.1 

59.20 

+  0.21 

—0.781 

16.55 

+  0.38 

4  0.607 

ini^t.  faint 

11 

10  -j-.'.:; 

276.91 

+  0.88 

—0.271 

11.95 

+  0.17 

+  H.77C, 

moonlight,  mist,  faint 

29 

10  8 ;.: 

255.55 

+  1.49 

•  0.310 

15.42 

—0.47 

+  0.102 

clock  running  badly 

30 

9  26.7 

221.55 

+  1.55 

+  0.224 

16.46 

—0.49 

—n.22:i 

Dec. 

1 

9    19.6 

145.60 

+  1.98 

+  0.741 

to.i  faint  I', ir  distance 

5 

9     5.0 

252.31 

+  1.68 

i  0.494 

15.87 

—0.55 

-1  0.004 

faint 

5 

9  31.3 

254.76 

+  0.84 

—0.348 

16.26 

—0.82 

-  0.273 

faint 

8 

9    10.7 

7:;.  70 

+  0.40 

—0.503 

16.44 

—0.64 

—0.122 

very  faint,  moonlight 

9 

9    13.2 

35.05 

+  1.06 

—0.033 

14.73 

+  0.07 

—0.122 

faint,  moon    ; 

Ki 

9  24.6 

310.70 

+  1.-11 

+  0.142 

9.81 

—0.46 

—0.131 

faint,  moonlight 

10 

9    19.1 

309.86 

+  1.20 

—0.004 

faint,  moonlig 

17 

s  26.7 

246.51 

+  1.04 

—0.181 

16.82 

—0.44 

+  6.047 

faint,  seeing  rather  poor 

18 

9   10.6 

204.80 

+  1.59 

+  0.257 

13.82 

—0.22 

—0.312 

28 

8      1.2 

+0.95 

0.237 

11.59 

—0.68 

—0.110 

mist 

8    17.1 

190.90 

+  1.76 

+  0.436 

11.64 

+0.24 

—0.005 

faint 

.",1 

8   15.3 

101.10 

+  0.65 

—0.260 

11.57 

—0.15 

+0.191 

mist,  delayed  by  clouds 
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Date 

Washing- 
ton M.T. 

Observed 
P 

J  > 

Residual 

s 

Js 

irks 

i  ■iii- 
Jan.      7 

8  1...1; 

51.65 

+  o!'98 

—0.032 

k..h; 

—0.25 

-o.i  in 

moonlight 

1G 

7  24.9 

224.90 

+  1.62 

-  0.329 

16.11 

♦  0.422 

clock  '                 idly 

17 

6  36.3 

168.05 

+  1.19 

0.106 

9.12 

+  0.223 

exl  remeh  fainl . 

17 

7   20.8 

165.  I" 

+  1.10 

—0.174 

9.06 

+  0.49 

+  0.147 

very  fainl .  misl 

20 

8   11.6 

335.25 

+  1.DI 

—0.223 

9.25 

—0.08 

—0.014 

21 

6  37.0 

258.90 

+  1.12 

—0.033 

15.27 

—1.13 

—0.559 

uu  steady 

27 

7     3.6 

253.00 

+  1.13 

—0.037 

15.92 

—0.87 

—0.334 

fainl 

Feb.     5 

7   11.8 

65.55 

+  1.27 

4  0.365 

16.54 

—0.59 

-  0.100 

moonlight .  distances  poor 

11 

6  43.0 

61.95 

+  1.30 

+  0.37!) 

16.81 

—0.56 

—0.139 

windy 

12 

(I  56.6 

21.35 

+  1.46 

+  0.358 

windy,  too  faint  fo 

13 

7  24.2 

285.50 

+  1.44 

+  0.264 

10.82 

—0.60 

—6.066 

15 

7   19.5 

200.15 

+0.70 

—0.590 

1  1.86 

+  0.28 

+0.090 

faint 

17 

7     8.4 

58.50 

+  0.95 

+  0.003 

17.11 

—0.98 

—0.655 

somewhat  faint 

Mar.    3 

8     4.3 

226.90 

*  ii. ;i| 

—0.317 

15.30 

+  0.57 

+  0.792 

very  faint,  unsteady 

No i:\i\i.~    i  K"M    1'ii-iiiiiN-Am.i.i.    K';iai!u\-. 

+4.3635 JN  +0.3931/4,7—  1.1494    /»   +   3.0218  ae  cos  eo  +  0.2381  aesinw  + 

+  5.9596         —  5.3187         +   5.0229                  +   2.5647  +   9.8494 

+  17.8461         —  1.6208                  +   5.2978  —27.3915 

+  38.3378                 +   8.4650  +   4.31  16 

+32.9719  —  9.7220 


=     0 


3.9807    IN  +O.S747./J 
+  3.8053 


Normals  prom  Distance  Eqi  vtions. 

-."..(mi.'II    In  —  2.092]  aecosca  —  0.6977 a<  sin  w 


4  1.0879 
+  3.1192 


—  3.61 16 

—  0.0567 
f  22.6210 


—  2.177.T 

—  0.5109 
+  1  1.5139 
+  11.2652 


—  3.9430   la    ■  3.4364 

—  4.6134         —0.0740 


+    l.l  130 

+   3.6538 
+21.4201 


—2.9747 
—2.3779 
—0.5375 


Solving  these  normals,  and  combining  the  two  sets  of 
results  according  to  their  probable  errors,  we  have  for  the 
final  corrections  to  the  circular  elements,  and  also  for  the 
corrected  elements,  the  following: 


IX  = 
A  J  = 
.In    = 

In    = 


+  1.332  ±0.4513 
—1.511  ±0.4493 
+  4.781  ±0.2735 
*  0".3Q93    ±0".07199 


1891  Dec.  30.0.  Washington  Mean  Time. 

N  =   185.734      ±0.  1513 
J   =  118.545     ±0  1493 
u    =  264.56        ±0.274 
e    —  0.008955    i  0.0029139 
a)   =  201°. 20     ±  15  .962 
a    =  16". 6093   ±0.07199  at  distance  30.05728 
Combining  the  corrected  value  of  ».  given  above,  with  the 
value  deduced  from  Lassell's  and   Marth's  observations  of 
L863-64,  by  Prof.  Hall,  we  have  for  the  mean  daily  motion 
of  Neptune's  satellite,  61   .25747538 

and  for  the  period,       5.876834  mean  solar  days. 

The  period  employed  for  comparing  the  observations  with 
the  assumed  elements  was  that  of  Prof.  Newi  omb's  tables, 
5.8769  daj  s. 
Prof.  Hall  found  from  uis  observations  of  1881-84  the 
period   5.876839   days,  agreeing   almost    exactly  with   the 
above. 


After  the  satellite  1ki>  been  observed  through  set  eral  more 
oppositions,  careful  comparisons  should  be  made  with  nil  the 
old  observations,  and  new  tables  of  <<  should  be  computed. 
In  the  meantime,  fur  the  purpose  of  identifying  the  satellite 
and  computing  equations  of  condition,  it  will  be  sufficient 
I'm- M>ine  years  I me  to  add  5    i  Prof.  New- 

comb's  tables. 

From  the  corrected  value  of  a  we  find  for  the  mas 
Neptuiie,  the  mass  of  the  sun  being  unity,     m  =  ,. 

If  we  counl  the  node  and  inclination  of  the  satellite's 
orbit  on  the  orbil  of  Neptune,  for  which  N  — 
J  =  22°.339,  1880.0,  «nd  reckon  the  node  from  the  as- 
ceudiug  noile  of  Neptune's  orbit  on  the  equator,  we  have 
node  182  .85,  inclination  -  140°.86.  Combining  these 
values  with  the  results  pointed  out  by  Mr.  Marth,  we  have 
for  the  longitude  of  the  node  on  A  -  orbit,  and  for  the 

inclination  of  the  two  oi 


Longitude 

Inclinatio 

of  \ 

!  H  .  ■   ' 

Malta 

172.91 

177.T.' 

1  16.19 

Washington 

1874.0 

1 1 ; 

1883.0 

L81.02 

l  12.    - 

182.85 

l  i 

Thus  the  Washiugtou  observations  for  1892  strongly  eon- 
linn  the  slow  motion  of  the  orbit-plane  of  the  satellil 
■  to  the  orbil   of   A  I 
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■aw   somewhat    rough,  on    account    of   mj  inexperience    in  ./.     Ii  will  be  well  worth  while  to  conti ■  the  observations 

measuring  such  difficult  objects  as  Neptune's  satellite,  and  of  the  satellite  in  order  to  follow  these  changes,  as  well 

though  I  have  not  very  much  confidence  in  the  value  given  as  to  determine  the  period,  the  mass,  and  the tentricity. 

above  for  the  mass,  still,  there  can  belittle  doubt,  I  think,  The  satellite  can  now  be  followed  all   the  way  round  the 

about  the  correction  to  the  p<  riod,  and  the  changes  of  A'  and  planet,  and  the  apparent  orbit  is  opening. 


THE   SECULAB    VARIATION    OF    LATITUDES, 


r,v  GEORGE 
Tlic  criticisms  of  the  plan  for  an  investigation  of  a  pos- 
sible secular  variation  of  latitudes,  which  are  contained  in 
No.  262  of  this  Journal,  rest  upon  a  misapprehension  for 
which  I  am  perhaps  responsible,  in  not  having  set  forth  in 
sufficient  detail  the  method  by  which  the  difficulties  appar- 
ently arising  from  an  imperfect  knowledge  of  stellar  proper 
motions  may  be  overcome.  It  is  the  peculiar  excellence  of 
the  proposed  method  that  the  declinations  and  proper  motions 
of  the  stars  employed  may  he  in  error  by  any  assignable 
quantity  without  sensibly  impairing  the  precision  of  the  re- 
sults obtaiued,  since  the  declinations  are  completely  elimi- 
nated from  these  results. 

To  illustrate  the  mode  of  elimination,  let  there  lie  two  ob- 
serving stations  upon  approximately  the  same  parallel  of 
latitude,  hut  in  longitudes  /.'and/.'',  respectively.  If  the 
latitudes  of  these  stations  y'  and  a>"  he  simultaneously  de- 
termined by  observations  of  the  same  stars,  the  difference 
y' — <f"  will  lie  entirely  independent  of  the  declinations  em- 
ployed. If  terrestrial  latitudes  are  constant,  this  difference 
</'  —  <p"  will  he  constant,  but  if  there  is  a  secular  change  in 
the  position  of  the  rotation-axis,  if' — <p"  will  in  general  vary 
with  the  time.  Thus  if  X,  denote  the  longitude  of  the 
meridian  along  which  the  pole  is  moving,  and  /<  he  the 
amount  of  its  annual  motion,  we  shall  find  after  a  lapse  of 
/  years 

{?'— <p'')t=(<p'—v'')B+pf  ■>  sin  '<  /.'—/.")  sin[.\  (/.'  +  /.")—;.„] 
Any  pair  of  stations  which  satisfy  the  conditions  above 
imposed  will  furnish  an  equation  of  this  form,  independent 
of  the  star-places,  even  though  different  stars  should  lie  ob- 
served at  the  two  epochs:  and  since  p  and  Xq  are  the  only 
unknown  quantities  involved,  two  such  equations  are  suf- 
ficient to  determine  the  motion  of  tfte  pole,  or  to  show  that 
uo  secular  motion  exists.  The  minimum  number  of  stations 
which  will  suffice  for  a  complete  investigation  of  the  problem 
is  three,  and  they  will  he  most  advantageously  placed  if  120 
apart  in  longitude.  The  great  width  of  the  Pacific  Oceau 
requires  for  the  fulfillment  of  this  condition  that  one  of  the 
stations  shall  he  placed  in  eastern  Asia,  and  obviously  it 
will  be  advantageous  to  select  a  station  at  which  observa- 
tions satisfying  the  above  requirements  have  already  been 
made.  Such  a  selection  of  stations  I  have  indicated  in 
previous  papers,  and  have  there  pointed  out  that  since  the 
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nearly  simultaneous  observations  at  Asiatic  and  American 
stations  depend  upon  observations  of  different  stars,  it  will 
be  neccs-ary  to  make  a  careful  discussion  of  the  star-places  : 
but  any  systematic  error  in  the  adopted  proper  motions  will 
be  eliminated  from  tin1  final  result,  since  such  an  elimination 
is  always  effected  by  taking  the  difference  of  simultaneous 
latitude-determinations. 

The  neglect  of  tiiis  principle,  or  failure  to  perceive  it.  has 
produced  most  of  the  criticism  which  has  been  directed 
against  the  proposal  to  investigate  the  motion  of  the  pole  by 
differential  methods.  The  superiority  of  these  methods  ovet 
those  which  depend  upon  absolute  latitude-determinations 
1  arises  in  part  from  the  greater  freedom  of  the  observations 
from  possible  sources  of  systematic  error,  ami  in  part  from 
the  circumstance  that  the  variation  which  is  to  he  measured 
by  the  differential  method  is  about  twice  as  great  as  tic  cor- 
responding quantity  in  the  case  of  absolute  determinations. 
Thus  if  three  stations  be  placed  in  longitudes  differing  among 
themselves  by  120°,  then  whatever  may  be  the  direction  'if 
motion  of  the  pole,  there  will  be  two  of  these  three  stations 
which  will  furnish  an  annual  variation  of  y'  —  c"  greater 
than  :!/(.  where  /'  is  the  annual  motion  of  the  pole,  while 
under  the  most  favorable  conditions  possible  the  variation  to 
he  detected  by  absolute  determinations  of  latitude  at  a  single 
station  cannot  exceed  p,  and  in  general  will  he  less  than  |p. 
If  the  annual  motion  of  the  pole  be  no  more  than  0".01 ,  a  well 
arranged  programme  of  zenith  telescope  observations  will  he 
capable  of  showing  this  motion  within  a  period  of  twenty 
years. 

In  reply  to  the  criticism  of  my  treatment  of  the  Washing- 
ton prime-vertical  observations,  I  wish  to  state  that  in  my 
discussion  I  did  employ  as  the  seconds  of  assumed  latitude 
38". 60,  not  through  inadvertence,  hut  upon  the  authority  of 
an  official  letter  from  Lieut.  Taylor  transmitted  to  me  by 
the  Superintendent  of  the  Naval  Observatory.  Lieut.  Tay- 
lor made  the  reduction  of  the  observations,  and  in  his  letter 
states  that  "They  was  that  adopted  for  the  Observatory. 
viz:  38°  53' 38". 80."  I  have  endeavored  to  ascertain  the 
cause  of  the  discrepancy  between  this  value  and  that  given 
by  Prof.  Brown,  38".34,  but  have  been  unable  to  obtain  any 
information  in  regard  to  it.  owing  to  the  present  serious  ill- 
ness of  Lieut.  Tatlor. 


CON  T  i:  X  I  s  . 
Ox  the  Variation  of  Latitude,  V,  by  Dr.  S.  C.  Chandler. 
Orbit  ok  Neptune's  Satellite,  by  Dr.  A.  Hall,  Jr. 
The  Secular  Variation  of  Latitudes,  by  Prof.  George  C.  Comstock. 
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A  CATALOGUE  OF  STARS  WITH  PROPER  MOTION  OF  HALF  A 

AM)   UPWAJRDS, 

By  J.  G.   POKTER. 

The  following  list  of  stars  with  a  yearly  proper  motion  of 
half  a  second  or  over  is  taken  from  a  ^;ill  more  extensive 
catalogue  which  I  hope  soon  to  publish.     With  the  ex< 
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of  the  fundamental  stars  the  motions  have  all  ; 
puted,  and  in  many  cases  also  new  observations  were  -< 
thus  adding  materially  to  the  trustworthiness  of  the  ;•  - 


Proper  motion  in 

No. 

Name 

Mag. 

R.A.  1000.0 

Decl.  1900.0 

B 

A. 

Gr.  Cir. 

1 

Lalande  472  31 

8 

0      0    2  1 

4-45   1  ■"• .  •"• 

+o!o84 

—0.13 

- 

2 

1   issiopeae    .   . 

2 

3  50 

+58  35.:i 

+ 

—0.19 

0.54 

110.4 

3 

Groombridge  34 

8 

12  40 

27.3 

+ 

.260 

■ 

-    • 

B2.2 

4 

£  Tucanae    .    . 

4 

1  1    52 

—65  27.8 

+ 

.2  7:; 

+  1.15 

- 

5 

Lalande  475 

B.5 

19  2i> 

—27  35.0 

+ 

.053 

+  0.04 

0.70 

•    : 

6 

Lacaille  75  . 

7 

19  48 

— 51   35.5 

+ 

.052 

122.0 

7 

.-;  Hydri    .    . 

3 

20  30 

—77  49.0 

+ 

.712 

2. -.'7 

- 

8 

Lacaille  127 

7..~. 

28  50 

—35  32.4 

—0.58 

- 

y 

Piazzi  0. 130 

5 .  5 

.-,2  13 

—  25   19.1 

+ 

.104 

1.11 

91.2 

10 

Piazzi  0. 137 

7.5 

:;i     ii 

+   2  34.6 

+ 

.049 

+0.29 

- 

ii 

51  Piscium  . 

6 

34    1" 

+  20    12.7 

— 

.034 

- 

0.61 

231.6 

L2 

Lalande  l'1!". 

7 

:;;,  20 

39  1 

+ 

.033 

—11.72 

0.81 

152.1 

13 

Lalande  1065, 

6 

6 

35  31 

—21    2".  7 

+ 

—0.32 

114.0 

11 

Lacaille  172 

5 

35    15 

—60     1.0 

+ 

.120 

1.00 

15 

Lalande  1198 

8.5 

+    1    15.2 

— 

- 

10 

rt  Cassiopeae 

1 

i:;     3 

+  57   17.1 

+ 

.185 

._10  18 

1.19 

113.8 

17 

Mavei  2o  .     . 

6 

i  ;     - 

46.0 

+ 

.050 

—1.15 

1.37 

146.9 

is 

Lalande   1353 

7.5 

0  4  1    27 

—23   4. 5.7 

+ 

.039 

+0.13 

0.55 

19 

ft    (  'tis:- 

^.~> 

i    i  .;: 

+  5  1   25.8 

+ 

—  1.57 

114.9 

20 

Laland 

8.5 

2    1  1 

+  22  26.0 

+ 

—0.51 

21 

Lalande  1966 

8 

8    17 

+  61      0.7 

+ 

.095 

0.00 

22 

/     /Vim,  IllCtS      . 

:,  :, 

111  III 

—46     3.9 

+ 

+0.17 

0.71 

28 

Weisse-8essel 

I, 

i", 

8 

13  32 

—  1   23.1 

+ 

.030 

0.54 

123.7 

21 

Lalande  2387 

9 

1  1     1 

—   9   2  7.2 

— 

• 

—0.50 

S 

25 

Lalande  2  150 

7 

i>;  52 

-  18     9.6 

+ 

.040 

0.57 

Lalande  2C82 

8 

•_>:;  35 

+  21    12.6 

+ 

.035 

—0.19 

111.2 

27 

Lalande  3022 

8 

;;:;  ;.,'. 

+  27  35.9 

+ 

28 

Fedorenko  26S 

7 

34    1" 

24.6 

+ 

.119 

—0.28 

107.7 

29 

4 1 II.  Andromt  ii 

e 

5 

:'..".    12 

+  12     6.7 

+ 

.078 

—0.15 

0.82 

30 

107  Piscium     . 

.-•.:. 

.".7     l 

+  19  47.0 

— 

.1.21 

—0.67 

204.1 

31 

t  Ceti   .... 

:;..-, 

39  25 

— 16  27.9 

— 

.122 

1.95 

.-.2 

Piazzi  1.159    . 

6 

in  ::i 

21.5 

+ 

.085 

—0.24 

33 

<  leltz.-Argeland) 

r  1 

l: 

■  7. 

8 

- 

l>     2 

—22 

+ 

::i 

xEridani     .    . 

1 

1   52     1 

—  52     6.4 

+ 

.072 

35 

Lalande  8922,  .", 

7.5 

2     2  29 

—   l     5.0 

— 

.022 

- 

Lacaille  661     . 

.;..-, 

6  24 

—51      -   - 

+ 

.230 

37 

Bradley  .".227  . 

7.5 

7  31 

i    12.8 

+ 

- 

38 

Weisse-Bessel  1 1.  95 

8.5 

2     9  28 

—  1 

1 

26 
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Proper  ra 

No. 

Name 

Mag. 

R.A.  i 

Decl.  l'JOOO 

8.A. 

Decl. 

]■■■-  -Angli 

89 

Lalande  nil 

7 

ii     in     < 
2     9    1 1 

1  23    18.6 

+  IUH2 

—0.17 

10 

S  Trianguli 

5 . 5 

10  57 

!    16.0 

+ 

.091 

—0.23 

1.15 

101.5 

11 

Piazzi  II.  128     

6.5 

30  36 

+  6  24  6 

+ 

.  1  23 

•  1.45 

2.34 

51.8 

42 

Lalande  1855 

7 '..'> 

32  85 

•  80  23.6 

— 

—0.40 

0.60 

228.4 

18 

Oeltz.-Argel.  1739-41    .    .    . 

8 

36    17 

—30  34.0 

+ 

.051 

0.00 

0.66 

I  I 

Weisse-Bessel  1 1 .  '.'27    .    .    . 

8 

55   15 

+   5  35.6 

+ 

.nil 

—0.15 

0.68 

15 

7 

55  58 

+  61    19.9 

+ 

.106 

-    0.67 

1.01 

131.4 

16 

Wornobcis 

6 

2  57   19 

—28  28. 1 

+ 

.021 

—ii. 11 

0.50 

1  15.7 

■17 
is 

4 

8 

3     1   51 
2  32 

+  49    L3.9 
+  2.">  58.2 

+ 

.127 
.013 

—0.06 
—0.88 

1.25 
0.90 

'.'2.7 
191.6 

19 

8.5 

7    19 

—29  22.9 

+ 

.Hi' 1 

•  n.66 

0.73 

25.2 

50 

Weisse-Bessel  111.  L13  .    .    . 

8.5 

9  22 

+   8  37.2 

+ 

.031 

—0.41 

0.62 

131.7 

51 

.'  Ri  ticuli 

.'>.."> 

15  36 

• — 62  57.5 

+ 

.196 

.  o  62 

1.48 

6."..  2 

52 

Lacaille  L060 

4 

15  />6 

—43  27.1 

+ 

.271 

+  H.76 

3.05 

75-5 

58 

5.5 

16     2 

—62  53.3 

+ 

.189 

*  0.64 

1.1  1 

54 

8 

•2ii     1 

—5    11.7 

— 

.018 

-0.82 

0.86 

198.2 

55 

Lalande  6429 

8 

23   19 

—20     9.7 

+ 

.038 

+0.29 

n.61 

61.8 

56 

6.5 

27  38 

—63   17.1 

+ 

.050 

.  o  36 

0.50 

43.4 

57 

.  Eridani 

3 

28  13 

—  9  47.8 

— 

.068 

+  H.01 

1.01 

•-'To. 6, 

58 
59 

4.5 

7.5 

31  46 
35   17 

+   0     5.1 
—  3  32.1 

+ 

.016 
.050 

—0.50 

—0.24 

0.55 

0.79 

205.6 

107.7 

Weisse-Bessel  111,617.    .    . 

CO 

3 

38  27 

—10     6.1 

— 

.008 

+  H.74 

0.75 

350.8 

61 

8 

40   12 

+  41     9.0 

+ 

.053 

—  1.24 

1.38 

154.2 

G2 

4 

42  33 

—23  32.7 

— 

.013 

—0.53    , 

0.56 

198.8 

63 

8 

46  27 

+  60  52.6 

+ 

.060 

—0.23 

0.50 

117.6 

64 

8.5 

48  24 

+  75  53.1 

+ 

.102 

—  11.52 

0.64 

1  1  1.6 

65 

8.5 

3  56  32 

+  35     1.9 

+ 

.110 

—  1.35 

2.19 

128.1 

06 

5 

4   10  40 

—  7    is..", 

— 

.149 

—3.46 

4.11 

212.7 

67 

7.5 

34   .".1 

+  41   56.1 

+ 

.052 

—0.44 

0.73 

127.2 

68 

7.5 

44  22 

+  45  40.7 

+ 

.037 

—0.56 

0.68 

145.1 

69 

Weisse-Bessel  IV,  1189     .    . 

7 

4  55  51 

—  5  52.3 

+ 

.040 

—1.10 

1.25 

151.4 

70 

5.5 

5     1   32 

+  18  30.7 

+ 

.037 

+  0.03 

0.53 

86.8 

71 

5 

12     6 

+  40     0.6 

+ 

.045 

—0.66 

0.84 

141.7 

72 

7.5 

14     8 

—  3   10.9 

+ 

.048 

+  0.11 

0.78 

81.3 

73 

8 

23  29 

—  3  33.6 

— 

.019 

—0.84 

0.89 

198.4 

71 

Weisse-Bessel  V,  592    ..    . 

8.5 

26  23 

—  3  41.7 

+ 

.047 

—2.12 

2.23 

161.7 

7."i 

8 

30  24 

+  51   22.8 

— 

.059 

+0.09 

0.56 

27:'.  o 

76 

6.5 

33   14 

+  53  26.4 

+ 

.001 

—0.55 

0.55 

179.0 

77 

7.5 

39     9 

+  37   15.4 

+ 

.042 

—0.52 

0  72 

136.1 

78 

6 

45     8 

—80  32.6 

+ 

.087 

+  1.10 

1.28 

10.8 

79 

4 

47     1 

—20  53.3 

+ 

.016 

—0.65 

0.69 

161.3 

80 

Lalande  11196 

7 

50  21 

+  13  55.3 

+ 

.032 

—0.50 

0.69 

136.8 

81 

Lacaille  2106 

5 

5  53  20 

—63     7.2 

+ 

.023 

+  0.48 

0.50 

17.4 

82 

23  H.  Oamelopardalis     .    .    . 

5.5 

6  29   10 

+  79  40.3 

— 

.025 

—0.66 

0.66 

186.1 

83 

1 

40  45 

—16  34.7 



.037 

—  1.20 

1.31 

203.8 

84 

Lalande  13284,  5 

7 

47  26 

—  5     3.2 



.038 

0.00 

0.57 

270.0 

85 

Lacaille  2501 

6 

49  35 

—28  24.2 

+ 

.025 

—0.48 

0.58 

145.5 

86 

Weisse-Bessel  VI,  1500    .    . 

8 

51   24 

+   1   18.5 

+ 

.007 

—0.56 

0.57 

169  9 

87 

8.5 

54     0 

+48  31.8 

+ 

.059 

—0.40 

0.71 

124.1 

88 

6.5 

6  57     9 

+  29  30.3 

+ 

.013 

—0.80 

0.82 

168.0 

89 

7 

7     4   11 

+  21   25.2 

— 

.011 

—0.50 

0.52 

196.7 

90 

Lalande  14146 

8 

11   16 

—12  52.7 

— 

.036 

+  0.13 

0.55 

283.8 

91 

6.5 

14  37 

—46  48.9 

— 

.018 

+  0.57 

0.60 

342.5 

92 

1 

34     4 

+  5  28.9 

— 

.047 

—1.03 

1.25 

214.2 

93 

1.5 

39   12 

+  28  16.1 

— 

.048 

—0.05 

0.63 

265.5 

94 

28  Oamelopardalis      .... 

6.5 

39  45 

+  80  31.0 

— 

.200 

+  0.02 

0.50 

272.3 

95 

96 

5 
6 

39  52 
41  51 

—44  55.2 
—33  58.6 

— 

.003 
.021 

—0.55 
+  1.66 

0.55 
1.68 

183.1 
351.1 

Lacaille  2957 

97 

8.5 

47  10 

+  30  54.8 

+ 

.057 

—1.83 

1.97 

158.3 

98 

8 

53  41 

+  21     7.8 

+ 

.015 

—0.55 

0.59 

159.1 

99 

Oeltz.-Argel.  7734-5  .... 

8 

7  53  50 

—25  21.0 

+  0.032 

—0.28 

0.52 

122.5 
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Lalande  15565 
Lacaille  3122  . 
Piazzi  711,  321 
Weisse-Bessel  VIII 

Lalande  L6304  . 

Lacaille  3386  .  . 

Lalande  17046  . 

Lalande  17161  . 

Fedorenko  1384  . 

i  Ursae  ifajoris  . 
In  Ursai   M 
Lalande  18067    . 
,t  Cancri  .... 
Fedoreuko  1457,  3 
Lalande  18286 
Lalande  18397     . 
8  Ursae  Majpris  . 
1 1  Leon  is  minoris 
Lalande  19022     . 
Lalande  19229 
Weisse-Bessel  IX. 
H  /.' onta  in  '.mi ...- 
Groombridge  1G18 
Wt  i->e-Bessel  X 
Groombridge  1(346 
Weisse-Bessel  X,  i 
Lalande  20881     . 
Lalande  22008-10 
a  Crateris      .    .    . 
Lalande  21185     . 
Lalande  21258     . 
Lalande  21368    . 

:    l    Sin-    M  : ;    .    .■   . 

Piazzi  XI.  32  .  . 
Oeltz.-Argel.  1167 
83  Leonis  .  .  . 
Bradley  1584  .  . 
Groombridge  1812 
ibridge  1822 
Lacaille  4887  .  . 
Li  onis  .... 
inis  .  .  . 
Groombridge  1S30 
Lacaille  1955  .  . 
I. aland!'  22585  . 
Piazzi  XI,  218  . 
Lalande  22667  . 
Lalande  22701  . 
Weisse-Bessi  I  XII 
Lalande  22908  . 
Lalande  22 
Lacaille  5123  .  . 
Lalande  23361  . 
8  Cam 

i      finis     .    .    . 

ginis  .    .   . 

Ie23917     . 

Lalande  23995    . 

i*  Virginia     .    .    . 

Lalande  24168    . 


954 


34 


« .o 

C 
6.5 
8.5 
6.5 
6.5 

8 
8.5 

9 

6 

3 

-1 

G.5 


6.5 

9 

6 

6 

8 
8.5 

4 
7.5 
8.5 
8.5 

4 
7.5 

9 
6.5 

6 
7.5 

6 
2 

6 


9 

3 


6 

6 

8.5 
4.5 

3 

6 


54  21 

55  56 
.".  23 

11  59 

- 
3  4   23 
38  35 

45  59 

46  39 
52  22 
54     9 


11  57 
1 6  8 
26  !-• 
29  10 
37  7 
43  28 
16   10 

'J  55    15 

in     5   15 

1111 

2!   54 

31   34 

16  7 
50  52 
54   54 

in  57  53 

11  0  31 
:,  35 

12  .".1 

13  12 

14  50 
21  42 
2 

33  29 
40  18 
11  45 
43  58 

17  13 
52  59 

1158  58 

12  0     9 
7  25 


Id  2 
17  51 
24   .".7 

41  18 

1 1  39 
17  56 

12  53  54 


+  29  31.1 

—60     2.1 

16.3 

+  30  56.0 

—  12  17... 
—31  10.9 
+  11 

+  4?  3.1 
+  71  10.9 
+  28  42.8 
+  48  26.1 
+  42   10.7 

—  14  44.1 
+  15  : 

+  53  7j» 
28  .39.6 
+  40  :  •  - 
+52  8.0 
+  36  15.7 
-4:;  10.3 
+  14    I      - 

—  11 

+  32  24.9 
+  49  57.6 
+20  22.4 
+49  19.1 
—11  41.6 
+  20  4:'. 2 
+  28 

—  17 

+  30  38.4 
+  44      2.4 

: 

2     5.5 

—  4  31.0 
+  66  23.3 
+  3  33.5 

—32  18.1 
+45 

I     3 

—3'.'  .".7.1 

+  13 

+  2   19.7 

+; 

—27 

—  9 


B.O 
52.6 


Proper  motion  in 
R.A.  DecL  Gr.  Cir. 


+  3 

—  0  57.3 

—  2  32.4 
+  11  - 

—  9  13.7 
—67  ."..1 

—  2  15.9 
+  11  52.0 

—  0  54.1 

5.9 

+    1  45.1 

—  17  57.4 

—  9  - 


—0.011 
+    .073 

—  .036 

—  .024 

+   .010 

—  .088 

—  .009 

- 

—  .037 

—  .044 

—  .(.'4m 

—  .175 
+   .005 

—  .033 

—  .104 

—  .059 

000 

■ 

—  .042 

—  .140 

—  .036 
+  .011 
+   .020 

—  .018 

—  .036 

—  .034 

—  .044 

—  .4ii4 
+    .042 

—  .037 
■ 

—  .503 

—  .049 

—  .053 

—  .060 

—  .061 

—  .138 

—  .036 

+    .344 

—  .074 

—  .084 

—  .084 

—  .040 
■ 

+   .005 

—  .186 

—  .020 

—  .065 

—  .038 
+   .018 

—  .002 

—0.054 


—1.18 
+0.12 

• 
— 0.84 
—1.00 
+  0.69 
—0.50 

—0.35 
—0.24 
—0.25 

—0.26 
—0.23 

—0.62 

—  ....V.' 
—0.40 
—0.56 

—  .1.27 
—0.80 

—  i. .7G 
—1.50 
—0.44 
—0.52 

0.00 
—0.89 
—0.68 
—0.43 
—0.13 
+  0.14 
—4.74 

—0.20 
—0.57 
—0.15 

+  0.24 
+  0.17 
•      34 

—0.28 

- 

—ii  in 
—0.26 
—5.80 
—ii.  7.' 
—0.50 
—0.56 
—0.55 

—0.59 
—1.08 

—0.45 

- 


1.19 

0.56 

1.03 


0.51 
0.52 
0.54 
0.60 
1.69 

1.11 


1.95 
0.69 
1.45 
0.51 
0.90 
0.74 
0.50 

0.50 

4.77 

1.17 

- 

0.75 
1.58 
1*21 
0.51 

- 

- 


77.7 

- 
- 

- 
24'L 4 

17:;. 4 
223.5 

140.2 

- 

173.0 
156.9 

2       . 

-- 
- 

110.3 

• 

1  15.3 

17.'..  I 

177.1 
176.1 
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i  motion  in 

Name 

Mag. 

R.A.  11)00.0 

Decl.  ii)OO.o 

B.A. 

D(  cl 

i.r.  iir. 

Pos    Lngle 

161 

Oeltz.-Argel.   12585  .... 

8.5 

ii     in     • 

12  56     •■ 

19.8 

— 0.*035 

—  11.27 

II.'.-,  I 

240.1 

162 

Weisse-Bessel  XII,  920     .    . 

8.5 

12  56    i" 

—  7  53.9 

— 

.035 

—0.13 

0.54 

L63 

Lalande  24414-6 

7 

13     3    17 

+   5    1 5 . 5 

+ 

.mil 

—11.72 

0.72 

175.2 

164 

Lalande  24504 

8 

6  25 

+  10     9.0 

— 

.033 

+  0.25 

0.54 

2!  17.5 

L65 

4 

7   12 

+  28  23.1 

— 

.060 

+  0.90 

1.20 

31.S.7 

166 

6  l   1  irginia  ....        ... 

5 

13    10 

—  17  45.3 

— 

.076 

—1.06 

1.51 

225.5 

167 

\\,  isse-BeBse]  XIII,  241  .    . 

9 

l  1   55 

+  35  39.4 

+ 

.033 

—  0.83 

0.92 

154.8 

L68 

Weisse-Bessel  XIII,  216  .    . 

8.5 

•15  43 

+   4  39.1 

— 

.036 

4  o.22 

0.58 

2:12.2 

169 

ITU 

5 
7.5 

23  32 
26  36 

+  11   18.8 
—   1   48.6 

— 

.018 
.059 

—0.58 
+ 11.23 

11.6  1 
0.91 

2(11.2 
284.7 

Piazzi  XIII.  11  l 

171 

4.5 

40     0 

—32  32.3 

— 

.038 

—0.16 

0.51 

251.6 

L72 

8.5 

Hi    In 

+  15  26.0 

+ 

.125 

—  1.47 

2.32 

129.2 

17;; 

Piazzi  XI U.  191 

7 

12     (1 

+   6  51.2 

— 

.032 

—0.13 

0.50 

254.8 

171 

6 

13  45  50 

—23  53.2 

— 

.1112 

—0.35 

0.68 

288.9 

175 

2.5 

14     0    18 

— 35  52.7 

— 

.045 

—0.55 

0.78 

225.0 

176 

177 

1 
7.5 

11'    6 
14   25 

+  19  42.2 
—  4   41.3 

— 

.080 
.043 

—1.98 
—0.12 

2.28 
0.65 

209.6 
259.4 

178 

Lalande  26289 

6 

18     8 

+    1   42.6 

+ 

.015 

—0.50 

0  55 

156.8 

17'.' 

6  5 

31   40 

—  11   52.8 

— 

.060 

+0.36 

0.96 

292.0 

ISO 

1 

32    18 

—60  25.1 

— 

.484 

+  (1.76 

3.68 

281.9 

181 

Weisse-Bessel  XIV,  810   .    . 

9 

45  29 

+    7   13.8 

— 

.042 

—0.07 

0.62 

263.6 

182 

Lalande  27026,  7 

8 

16     H 

—23  52.8 

— 

.066 

—0.48 

1.U2 

241.9 

183 

Piazzi  XIV,  212 

6 

51   37 

—20  57.9 

+ 

.1172 

—  1.80 

2.06 

15(1.7 

184 

7.5 

52  21 

+  54     4.3 



.110 

+  0.48 

1.08 

296.3 

185 

Lalande  27274 

9 

5 1     9 

—21   36.0 

— 

.042 

—0.54 

0.80 

227.6 

1  86 

Weisse-Bessel  XIV,  989  .    . 

9 

14  55  18 

—  10  43.5 



—0.54 

0.'5  1 

180.0 

187 

8 

15     2  53 

—  7  31.0 

— 

.011 

—0.47 

0.50 

198.8 

188 

Bonn  Beobb.  VI.  +25°  2874 

9 

3     8 

+  25   18.  1 



.060 

+  0.44 

(1.92 

298.5 

189 

Oeltz.-Argel.  14318,9    .    .    . 

9 

4  44 

—  15  59.1 



.H67 

—3.6  1 

3.76 

194.8 

190 

Oeltz.-Argel.  14320-2    .    .    . 

9 

4  45 

—  15  51.1 

_ 

.066 

—3.63 

3.75 

194.7 

191 

7.5 

8  15 

+  19  39.2 

— 

.043 

+  0.30 

0.68 

2:16.2 

192 

Lalande  27744 

7 

8  50 

—  0  57.9 

— 

.085 

—0.53 

1.38 

2  17.4 

193 

5 

14   12 

+   2     8.6 

+ 

.024 

—0.54 

0.65 

1  16.3 

194 

8 

1  1   45 

+  26     3.5 

— 

.n37 

—  0.11 

0.51 

257.6 

195 

Weisse-Bessel  XV,  268     .    . 

8.5 

17  40 

+    1   47.2 

— 

.027 

—0.33 

0.52 

230.5 

196 

Weisse-Bessel  XV.  720     .    . 

7 

32  29 

+  40     7.9 

— 

.043 

+  0.07 

0.50 

27s.  1 

19  7 

Lalande  28607 

7 

.".7    12 

—  10  36.4 

— 

.076 

—0.34 

1.18 

253.3 

198 

Lacaille  6521 

6.5 

in  59 

—37  36.0 

_ 

.043 

—0.29 

0.59 

240.4 

199 

6 

18  33 

+  13  30.6 

— 

.012 

—0.58 

0.61 

1:1 7. 2 

200 

4.5 

49   13 

+  42    13.9 

+ 

.039 

+  0.61 

0.75 

35.2 

201 

3.5 

51   50 

+  15  59.3 

+ 

.019 

—  1.29 

1.32 

168.2 

202 

19  Librae      

6 

54  43 

—  16   14.3 

— 

.046 

—0.39 

0.77 

239.4 

203 

5.5 

15  57   13 

+  33  36.3 

— 

.016 

—0.79 

0.81 

19  4.2 

204 

Lalande  29330     ...... 

8.5 

16      1    12 

+  10  57.4 

— 

.033 

—0.12 

0.50 

256.2 

205 

Grooi'nbridge  2305      .... 

7 

1  30 

+  39  25.6 

— 

.048 

+  0.05 

0.55 

275.2 

206 

Lalande  29439 

8.5* 

2  54 

+38  54.9 

+ 

.018 

—0.56 

0.60 

159.4 

207 

Lalande  29437,  8 

6 

4    16 

+   6  39.8 

+ 

.016 

—0.75 

0.79 

162.3 

208 

6 

10    11 

—  8     6.3 

+ 

.014 

—0.51 

0.55 

157.7 

209 

Weisse-Bessel  XVI,  400  .    . 

9 

23  36 

+    3  29.4 

000 

—0.51 

0.51 

180.0 

210 

7.5 

25  33 

+   4  26.1 

— 

.030 

—1.39 

1.46 

197.9 

211 

2.5 

37  31 

+  31   47.0 

— 

.036 

+  0.41 

0.62 

311.7 

212 
213 

3 
7.5 

43  41 
17  56 

—34     6.7 
+   0  10.9 

— 

.050 

.049 

—0.28 

—  1.49 

0.68 
1.66 

245.7 
206.1 

Lalande  30694 

214 

Weisse-Bessel  XVI,  906    .    . 

9 

50     8 

—  8     9.1 

— 

.063 

—0.87 

1.27 

226.8 

215 

C.5 

59  4  7 

+  47   11.9 

+ 

.013 

+  0.82 

0.83 

9.0 

216 

Lalande  31055 

7.5 

16  59  51 

—  4  53.8 

— 

.062 

—1.15 

1.48 

218.9 

217 

5 

17     9  12 

—26   27.4 

— 

.039 

—1.18 

1.29 

203.8 

218 

7 

10     4 

—26  24.1 

— 

.038 

—1.14 

1.25 

204.1 

219 

7.5 

12     9 

—34  52.7 

+ 

.096 

—0.21 

1.20 

100.1 

220 

5.5 

16  55 

+  32  35.8 

+ 

.010 

—1.05 

1.06 

172.9 

221 

Weisse-Bessel  XVII,  322  .    . 

7.5 

17  20  47 

+   2   14.0 

—0.04H 

—  1.22 

1.36 

206.2 
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Name 


222 
223 
224 
225 

220 
•-•■-'7 
228 
22g 

230 

231 
232 
233 
234 

235 
236 
237 
2#8 

239 

2-10 

241 

2  12 

243 

244 

245 

246 

247 

248 

249 

250 

251 

252 

2.'.:; 

2.".  I 

255 

256 

2.'.  7 

258 

2. Mi 

260 

261 

262 

263 

2G1 

265 

266 

267 

268 

269 

270 

271 

272 

273 

27  1 

2  7:, 

276 

277 

278 

279 

280 

281 

282 


Fedorenko  2895  .... 
Weisse-Bessel  XVII,  514 

26  Drue  mis 

Oeltz.-Argel.  174!.".. 6   . 

/j.  Herculis 

70  Ophiuchi 

■  St  rpt  ntin 

X  Draconis 

P.M.  2164 

Lamout  18180  .... 
Lamout  18816  .... 
Oeltz.-Argel.  19156-8  . 
Groombridge  2789  . 

31  b  Aquilae 

Bradley  2 J. '.9 

Lacaille  8139  .  ... 
Groombridge  2875  .    .    . 

a  Draconis 

a  Aquilae 

Lalande  38100     .    .    .    . 

Lacaille  8267 

Lalande  38287     .... 

8  Pavonis 

Lalande  38380    .... 

1  5  Sagittae 

Lalande  38383     .... 

Lacaille  8362 

Piazzi  XX.  23     .... 

Lacaille  8381 

I  Groombridge  3150  .  . 
Oeltz.-Argel.  20I.V2    .    . 

cr-  Pavonis 

Lacaille  8522 

Lalande  :19X00  .... 
Fedorenko  3562-3  .    .    . 

ei 

Lacaille  8620 

Fedorenko  3638  .... 

Lacaille  8625 

Weisse-Bessel  XX.  1 154 

Lalande    10844      .... 

61  Cygni,  pr 

Weisse-Bessel  XXI,  97 

Lacaille  *7:;:i 

Lacaille  8760 

Lacaille  8777 

Oeltz.-Argel.  21308    .    . 

t  Pavonis 

Weisse-Bessel  XXI,  502 
Lalande  42883-5    .    .    . 

:  Tndi 

Groombridge  3689     .    . 

Lacaille  9061 

Lacaille   9076 

Lalande   13492      .... 

i  Tndi 

L.ni i  31348     .... 

£  Pegasi 

a  /'•  gasi 

Lalande  1  1964  .... 
Lalande   15028     .... 


..... 

9 
3.5 
4.5 

3 

4 

8 

9 

9 
8.5 
6.5 
5.5 

6 
7.5 
6.5 
.". .  5 
1.5 
6.5 

6 
7.5 
3.5 

6 

C 
7.5 

6 
7.5 
.'...". 
6.5 
8.5 

5 
6.5 

8 
7.5 
3.5 

6 
7..". 

6 

8.5 

6 
7.5 
6.5 
7.5 

7 

9 
4.5 

9 

7 

I 

8 
6.5 
:>.:. 

7 
6 
9 


17  25  19 
29  53 

37  0 

17  42  33 

18  0  24 
1 6  8 
22  52 
41  40 

18  53     7 

19  2  14 
3  43 
9  30 

20  12 

21  17 

29  28 

32  33 

15  54 

54  21 

55  34 
58     0 

58  55 

59  31 
59  37 

19  59  41 

20  1   38 

6  34 
9     3 

16  32 

17  12 

33  16 

34  15 
84   33 

38  12 
43   15 

5 1  3 

52  22 
58  54 

20  59     6 

21  0  23 

2  25 

7  21 

10  47 
1121 

13  59 

1  1   36 

18  11 

2  1   30 

54  15 
."..".   18 

3  5 

8  32 

11  12 

12  15 

1 6  2 
83  52 

II     12 

17  20 

55  0 

22  56  39 


21 
22 


+    6     4.2 

-  68  25.8 

-27  16.7 

+    2  31.4 

-  2  55.5 

-72  11.1 

+  5  48.5 

-  7  28.9 
—21  37.2 
+  19  10.0 
+  11  43.8 
+24  13.9 
—28   12.7 

-  58  23.0 
+  69  29.5 
+  8  36.2 
—10  13.2 
—67  34.9 
+  15  19.7 
—66  26.2 
+  29  37.8 

-ir,  17.:' 

+  23  5.0 
—36    21.2 

-  15  52.8 
—27  19.9 
+  06  31.9 
—21  39.7 


—21 
-  i 
+  75 
+  61 


8.4 
37.0 
13.9 
27.0 


—14  29.2 

-71  2."..1 

—73  33.9 

-      !  36.5 
11.2 

+  38  15.4 

+  17  20.6 

—61  15  5 

—39  15.3 

—26  15.9 

—20  15.3 

—65  49.1 

—  12 

•  2".  7 

—57  11.8 

+  52  89.1 

— II  51.3 
—5  I 

+  12  i 

—  72  I  1.5 

0.1 

+  11 

18.2 

—  2.'. 

—  I  - 


Proper  motion  in 
R.A. 


—  .030 
+    .035 

—  .069 

—  .024 
+    .017 

—  .040 
+   .113 

—  .171 

—  .016 

—  .018 

—  .015 

—  .014 
+    .049 

—  .015 
+    .002 

—  .066 
+  .100 
+   .035 

—  .021 
+    .186 

—  .013 

-  :i93 

—  .028 

—  ."71 
- 

—  .029 

+  .037 

+  .042 

- 

- 

+  .091 

+  .012 

—  .050 
+  .106 
+  .108 

—  .025 

—  .009 

—  .073 

—  .043 

—  .012 
+    .013 

—  .029 
+    .479 

—  .055 
+   .050 

■ 

; 


+  0.03 

+  0.36 
—0.50 

—  1.25 
—0.74 

—  1.12 
—0.68 
—0.37 
+  1.87 

i  ,22 

—M.75 
—0.45 
+  0.61 
+  0.63 
—0.63 
—0.76 
—0.40 
—1.76 
+  0.38 
—0.41 
—0.67 
—0.57 
—1.18 

—  .'..-.2 

—0.42 
—0.94 
—1.64 

—  0.24 

—  1.10 

—0.99 

■ 

-...II 

! 

—  o.-ll 

—  1.22 

—  0.86 

- 

—o.ll 

—  1-.7I 

- 
- 

+  0.01 


_ 


0.52 

1.30 
0.81 
1.15 

0.63 

1.2  1 

- 

0.62 

0.96 
0.66 
0.76 
0.66 
1.83 
0.64 
0.51 


1.65 

- 
0.58 

i 

1.28 

1.22 

• 

1.12 

i 
0.60 

- 
0.91 

- 
1.06 

4.71 

• 
1.15 


- 
221.1 

191.1 

177.7 
232.6 

217.1 

- 
135.5 

127.4 

227.-1 

• 
."-7.2 
15  1.7 
150.1 

- 

177.ii 
51.-1 

192.3 

1  17.:! 

- 

- 
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Proper  motion  ii 

No. 

Name 

Mag. 

R.&   r. .0 

Decl.  iyoo.0 

1;  \. 

Dec! 

(ir.  Clr. 

283 

Lacaille  9352 

7.5 

22  59 

-36  25.8 

+  0*.57:i 

+  1.15 

T.iii. 

80.5 

284 

7.5 

28     l    1" 

+  07  52.4 

+    .1(12 

1  0.15 

7  5 . 5 

285 

Lalandi    15292-4 

8.5 

—  2    18.0 

+   .039 

—0.13 

0.59 

L02.6 

286 

5 

7   ."'7 

—63   13.9 

+   .073 

—0.40 

o..;:; 

12'.'.  2 

287 

Bradley  .;"77 

i; 

8  28 

+  5C  37.0 

+    .250 

•  0.28 

82.3 

288 

Lalaude  15 155 

T..*i 

8  52 

—  9  28.1 

+   .037 

—0.08 

Lalande  15 156 

8 

8  52 

—  9 

+    .037 

—0.05 

ii.:,.", 

'.'5.2 

290 

w  i  isse-Besael  Will.  175    . 

8 

11    54 

—  1  1   21.9 

—  .035 

—  1.21 

l.:;i 

202.9 

L".H 

4 

l  I    59 

+   2    1  1  .  1 

+   .049 

(-0.02 

0.73 

88.4 

292 

7.5 

If,    if, 

+43  .".--'.(I 

+   .058 

+  0.22 

0.67 

70.8 

293 

6 

33    12 

— 73   15.3 

+   .027 

—0.73 

ii.TI 

170.7 

29  1 
295 

4.5 

:,l    18 
38  32 

+   5     5.0 
+  57  30.7 

+  ji2.-; 
+   .047 

—0.44 
+0.49 

0.56 
0.62 

141.5 
37.8 

Piazzi  XX 111.  n;i 

296 

Lacaille  9585 

7 

11    15 

—42     6.8 

+   .010 

—0.85 

0.86 

172.6 

297 

8.5 

43  59 

+    1   52.3 

+   .005 

—1.00 

1.39 

135.9 

298 

Oeltz.-Argel.  23166,  7  .    .    . 

7..". 

54    17 

—  L'n  35.0 

+  .  .040 

—0.28 

0.63 

116.6 

299 

6 

56  57 

+  26  33.2 

+   .062 

—0.99 

1.29 

1  I'M 

300 

A.rg.  Gen.  Catal.  32416     .    . 

8.5 

.Mi  ;;l 

—37  51.0 

+   .485 

— 2.5s 

6.29 

11  1.2 

301 

Piazzi  XXIII,  267      .... 

7 

23  59  39 

+  34     6.0 

+  0.0G2 

+  0.08 

0.78 

84.1 

'  'incii 

nati  Observatory,  1892  May  ' 

OBSERVATIONS   OF   COMETS, 

MADE  AT  Till'.  I'.S.  NAVAL  OBSERVATORY  WITH  THE  'J. ''-INCH  EQUATORIAL, 

By  Prof.  E.  F1USBY. 
[Communicated  by  the  Superintendent.] 


L892  Was! 

ington  M.T. 

* 

No. 
( '■  ■int.. 

6/  's  apparent 
a                         8 

logpA 

for  a       1      (or<i 

Comet  b  1892  (Periodic  of  Winnecke). 

May    25 

28 
June     1 

10     0  10.1 
9  17  10.8 
10   15  54.1 

1 
2 
3 

15  ,  3 

15  ,  3 

[  15,3 

—3  10.01 
+  2  38.81 
—3     0.06 

+  10     0.1 
+  11  45.6 

—  2  57.1 

10     0  26.87 
10  56  53.13 
10  51  34.81 

+  43  57  41.9 
+  43  41   37.8 
+43  16  54.3 

9.684 

'J.626 
9.747 

9.923 
9.964 

0.260 

Comet  a  1392  (Swift). 

May   28 

12     0  58.4 

4 

|   15  ,  3  |  — 1    15.72  |  —12  42.5   |   23  46  13.45  |   +36     8  29.4 

»9.731    |  0.764 

Mean  Places  for  1892.0  of  Comparison- Stars. 


* 

a 

Red   to 
app.  place 

8 

lied,  t.) 
app.  place 

Authority 

1 

2 
3 
4 

1  1     3  35.76 
10  54    13.31 
10  54   33.92 

23  47  29.79 

+ r.  i--> 

+  1.01 
+  0.95  • 
—0.62 

+43    17  35.7 

+  43  29  41.8 
+  43   19  40.8 
+  3G  21   22.9 

+  10.1 
+10.4 
+  10.6 
—11.0 

Paris  13622 

Paris  13162 
Paris  134C6 
Romker  11707 

THE   DOUBLE   STAR   NEAR   p  CTGNI, 

By  S.  W.  BURNHAM. 


The  double  star  mentioned  by  Prof.  Jacoby  (A.J.  265), 
as  being  shown  on  the  Rutherford  photographic  plates  of 
stars  in  the  vicinity  of  §  Cygni,  is  one  of  the  oldest  known 
pairs,  having  been  observed  IivHerschel  something  more 
than  a  century  ago.  It  was  subsequently  included  in  the 
catalogues  of  South  and  Strove,  and  carefully  measured 
by  the  latter  observer.  As  a  double  star  it  is  known  as 
¥11.  99  =  S  718  =  2"2539.  While  photography  has  its  uses 
for  general  mapping  and  cataloguing  purposes,  it  is  not  likely. 


for  the  present,  at  least,  to  have  any  application  in  observa- 
tions of  real  double  stars.  All  the  interesting  physical  sys- 
tems are  much  too  close  to  be  shown  ou  a  photographic 
plate  with  any  telescope.  For  distant  stars,  beyond  the 
ordinary  range  of  the  micrometer,  the  photographic  method 
may  be  very  useful.  The  apparent  change  of  the  com- 
ponents of  the  star  in  question,  as  shown  by  the  plates,  is 
not  real.  This  pair  is  much  too  wide  to  have  any  relative 
motion    in    such    an    interval  which    would    appear   on   the 
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plate.  As  a  matter  of  fact,  there  lias  been  no  change  at  all 
in  thesi  -      e  the  first  accurate  measures. 

This  star  is  really  triple.  In  1878,  when  observing  with 
the  Chicago  18^-inch,  I  found  a  third  star,  a  little  nearer 
than  the  Herschel  companion.  This  i-  a  very  faint  com- 
panion, and  of  course  entirely  beyond  the  reach  of  any  pho- 
srperiment,  however  prolonged  the  exposure.  It 
is  nnt  probable  thai  these  stars  have  any  physical  relation. 

The  following  are  all  tin-  measures  of  AB: 

A  and  B  (=  0652 

328.6         4.33  .    .  13 

3:>5.3         5.17  .    .  13.3 

Tin'  apparent  change  here  is  probably  not  real.     This  is 


1878.97 
1892.38 


BURNHAJ]   2« 

Bdrnhau  3n 


a  faint  star  with  the  30-inch,  and  of 
cult  with  the  instrument  used  in  1878. 

w  of  the  me! 
fixity  of  these  - 


.1  and  C(=  12539   . 


1830.69 

1-7-  73 
1887.78 
1892.38 


2.4 
3.8 
2.8 
3.5 


5.36 

5.34 
5.40 


7.9  . 
7.5  . 
8.0  . 
7  .5  . 
8.0  . 


9.7 
9.3 


3 

i  1M 

Takran I 

AM 


This  whole  region  of  ' 
variable,   Y  Cygni,  has  a  very  minute  compai 

Mt.  E  ■  May  21. 
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oliSKKVATToXS   OF   SIIOET-PERIOD   VARIABLES,    MADE 

BY  tail  s.  vkxdell. 


IX    1891, 


7149  S  Sagtttae. 
From  1891  May  28  to  Dec.  27.  I  observed  S  Sagtttae  on 
ninety-four  evenings :  from  these  observations  are  li- 
the following  times  of  maxima  and  minium. 
Maxima 
June     8.4 


1*91 


July 

Aug. 
Sept. 

Oct. 

Nov. 


4.5 
11.7 
21.3 
28.6 
24.60 

7.6 
16.7 

2.87 
22.3 

6.7 
23.1 


4 

3 

4D 

3 

1 

4 

3 

23) 

2 

3 

4 


1891 


Minima 

July  8.3 
16.4 
25.0 

Aug.  19.3 

.1.4 

30.3 

19.3 


Nov 


33 

I 

23) 

4 

2 

3 


74;; 7  X  i 
My  observations  of  this  star  for  the  past  season  w<  si 
gnu  1891  May  13,  aud  continued  until  1892  .Ian.  7.  accumu- 
lating to  the  number  of  one  hundred  and  twenty  :  from  these 
observations   ten    maxima    and    twelve    minima    have 
deduced  by  the  usual  graphic  method,  and,  with  the  observed 
maximum  and  minimum  lights,  on  a  scale  published  in  Vol. 
10  of  this  Journal,  p.  173.  are  as  follows  i 


E 

Maxim 

L 

w 

Lt. 

Minima 

w 

Lt. 

104 

1891  Jure 

10.2 

4 

13.5 

June 

5.2 

1 

7.2 

106 

July 

12.0 

4 

12.0J 

July 

6.8 

1 

6.2 

107 

29.8 

4 

12.5 

■::\..\ 

1 

5.2 

[08 

10.0 

4 

7.L" 

109 

Sept 

1.4 

3 

24.3 

4 

lio 

17.8 

4 

11.43) 

Sept. 

14.2 

4 

...2D 

111 

Oct. 

3.4 

5 

13.5 

26.8 

5 

4.0 

112 

19.6 

4 

10.53) 

Oct. 

11.9 

1 

4.03) 

IIS 

Nov. 

5.2 

4 

10.5 

28.8 

5 

3.5 

111 

20.7 

3 

10.5 

Nov. 

15.3 

4 

4.03) 

115 

Dec. 

7.5 

2 

10.5 

4 

;;.n 

116 

Dec. 

is.  7.'. 

3 

:;.:. 

The  observed  light-values  appear  to  confirm  the  pn 
of  a  periodical  fluctuation  in  the  star's  mean   light,  showing 
a  minimum  at  Epoch  1 15. 


7483  7"  Vulpeculae. 

Ninety-eight  observations  of  this  star  were  secured  dining 
the  past  season,  from  1891  May  28  to  Dec.  31.     l;-. 

of  a  mean  light-curve,  formed  from  more  than  three  hun- 
dred observations  made  during  the  past  four  years,  and  to 
which  reference  will  again  be  made.  I  have  deduced  the  fol- 
lowing times  of  maxima  and  minima  :  the  weights  indicate  the 
number  of  observations  from  which  each  time  was  deduced. 


Maxima 
Ep.458   1891  May  2 
July 


467 
168 

471 

4  73 
174 
175 
477 
478 
4  79 

)sO 
Isl 

)-■_' 

|s| 

9 
|s,; 
187 

491 
192 

195 

I '.'7 

• 

199 

.- 

501 
502 

Ep.507 


6.40 
11.79 
23.72 

'.Ml 

10.80 

i     - 

•-'.•_'l 
7.15 

1  I. -.'7 
15.20 
19.87 
•-M.7:' 

."..51 

i'o.  75 

2  5.55 
30.54 

\  ..  ;'..i; 
7.50 
17.26 
■jo.  7.'. 
21. '.'7 
30.00 

Dec.    4.17 

. 
17.86 

■j.;.:..; 
1891  D< 


All£ 


Sept. 


Oct. 


1 
l 

2D 
13) 

2 

1 
1 

13) 

l 

l 

2 

1 

ID 

23) 

•-'D 

1 

1 

•J 

1 

23 

1 


ID 

1 

2 

2 

a 

■JD 

ID 

ID 

1 

2 


Mccnu 
Ep.460  1891  June 
461 


4  ,;5 

- 
471 
172 
173 

17> 

4>; 

- 

■ 
187 

491 

193 
495 

4'J7 


Julv 


A    . 


- 


Oct. 


N 


25.11 
13.41 

5    15 

1  2  7 

24.34 

2;-. 71 

15.94 


ID 

2 
1 

ID 

1 
1 


1? 

■_> 

1 
1 
l? 


Ep.504  1891  P.-e.  16.32   l  D 


32 
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The  comparison-stars  used  in  these  observations  are  some 
,  :  in  Chandler's  ( A.J.  Vol.  VII,  p.  62)  and  the  Bcale  from 
the  four  years'  observations  is  as  follow  - : 

b  =  9.3 

c  =    1.8 

/  =  0.0 

All  comparisons  in  which  a  (=  F32  Vvlpeculat  i  were  used 

-ii  discarded,  the  star  having  proved  variable. 

Dorchester,   Mass.,   1892  Hay  16. 


I       mean  curve  deduced  agrees   closely  «itli   Sawyer's 
[A.J.  Vol.  VIII,  p.  6)  :  tin-  readings  from  if  are  as  follows: 


—1.297 

1.94 

-.::; 

+2.00 

2.96 

1.25 

1.95 

.50 

7.67 

2.25 

2.66 

1.00 

2.50 

.7.". 

C.66 

2.50 

.T.'i 

4.20 

1.00 

5.78 

2  75 

2.12 

.Till 

6.10 

1.25 

1.93 

3.00 

0.25 

8.16 

[.50 

1.13 

1.94 

±0.00 

9.78 

+  1.75 

3  1 1 

LEWIS   MORRIS 

This  honored  and   beloved   man,  the   initiator  of   astro lical 

photography,  both  as  regards  Its  practical  methods,  and  its  earli- 
est achievements,  died  on  the  thirtieth  of  May,  at  bis  ancestral 
estate  In  Tranquillity,  New  Jersey,  in  his  76th  year,  having  been 
born  at  Morrisania,  N.J.,  1816  Nov.  25. 

His  grandfather,  John  Ri  cherfurd,  was  a  nephew -of  Major 
General  William  Ai  exander,  known  in  American  history  as  the 
Ear!  of  Stirling,  who  bore  a  distinguished  part  in  the  battles  of 
the  Brandj  wine  and  Germantown,  commanded  the  left  wing 
American  army  at  Monmouth,  and  attained  some  note  as  a  mathema- 
tician and  astronomer.  John  Rutherfurd  was  Senator  of  the 
i  uited  States  from  1 7 : •  1  till  1798,  and  became  the  last  survivor  of 
the  Senators  who  served  during  the  administration  of  President 

W  islllN.;  rON. 

["he  great-grandfather  whose  name  he  bore,  was  a  signer  of  the 
Declaration  of  Independence,  and  a  grandson  of  Lewis  Morris, 
first  Governor  of  New  Jersey. 

Mr.  Rutherfurd  devoted  himself  at  tirst  to  the  profession  of 
the  law,  but  bis  tastes  were  strongly  astronomical,  and  these  to- 
get  her  with  his  exceptional  mechanical  ability,  led  him  to  abandon 
the  professional  career  originally  undertaken,  and  to  devote  him- 
self i"  scientific  pursuits.  The  ample  resources  at  his  command 
rendered  this  comparatively  easy:  and  as  early  as  1S4S  he  con- 
structed  an  astronomical  observatory  at  his  residence  in  the  heart 
of  the  city  of  New  York.  This  he  equipped  with  a  transit-instru- 
ment, an  111-inch  refractor,  constructed  under  his  personal  direc- 
tion by  Fn/,  and  corrected  by  new  methods,  discovered  by  that 
optician. 

Uric  with  a  singular  abstinence  from  all  ostentation,  he  quietly 
pursued  his  studies  of  astronomical  photography  and  stellar  light; 
resen  Ing  all  announcements  of  his  results  until  they  were  ripe  for 
publication.  In  January  ISO;',  lie  published  his  first  paper  upon  the 
of  the  celestial  bodies,  and  gave  the  first  classification  of 
stars  bj  their  spectra  In  1865  he  described  his  photographic 
object-glass,  designed  for  the  use  of  those  rays  only  which  acted 
upon  the  sensitive  photographic  film,  pointed  out  the  practical 
methods  for  its  construction,  and  illustrated  the  results  thus  attain- 
able by  his  wonderfully  sharp  and  beautiful  photographs  of  the  moon. 


RUTHERFURD. 

Even  now,  these  suffer  little  by  comparison  with  subsequei 
obtained  with  the  advantage  of  the  vast  recent  progress  in  photo- 
graphic art,  and  the  use  of  lenses  of  ten  times  the  area  in  oppo- 
sition to  then  dominant  authority  he  demonstrated  the  stability, 
upon  the  glass,  of  the  collodion  film  when  properly  albuminized.  He 
devised  and  constructed  accurate  micrometers  for  measuring  the  Im- 
pressions of  stellar  clusters,  which  he  had  been  the  llr~t  to  obtain, 
and  a  large  number  of  measurements  were  made  under  hi-  direction. 

For  studying  stellar  spectra  he  constructed  ruled  gratings  which 
surpassed  the  famed  masterpieces  of  Nobert,  and  which  themselves 
remain  unsurpassed,  except  by  those  which  have  been  obtained  by 
Kowi.ami  following  in  the  same  path. 

About  lsiis  lie  introduced  the  photographic  corrector,  an  additional 
lens  applicable  to  visual  object-glasses,  to  adapt  them  for  the  most 
effective  photographic  use. 

During  all  these  years  he  was  struggling  witli  disease  which  un- 
fitted him  alike  for  sedentary  pursuits  and  for  atmospheric  ex- 
posure; yet.  with  wasting  strength,  he  heroically  persisted  in  his 
scientific  efforts,  and,  when  he  could  no  longer  work  in  person,  he 
supervised  the  measurements  of  a  large  uumberof  the  photographs 
of  stellar  clusters,  which  he  had  taken. 

In  1884  he  presented  all  his  astronomical  instruments,  apparatus, 
and  completed  measurements,  to  Columbia  College,  N.Y.,  where 
the  computation  of  his  results  is  now  being  prosecuted  by  Mr. 
Jacoby,  under  the  direction  of  Prof.  Rees.  The  resultant  de- 
terminations for  the  Pleiades  have  very  recently  been  published, 
and  those  for  other  clusters  are  already  far  advanced. 

Mr.  Rutherfurd  was  of  an  exceptionally  amiable  and  generous 
disposition,  helpful  to  others,  and  tolerant  of  their  failings.  His 
intellectual  diffidence  and  almost  shrinking  modesty  were  as  notable 
a-  were  his  boldness  of  invention,  ingenuity  of  device,  and  persis- 
tence in  following  up  his  ideas,  under  very  trying  circumstances. 
The  moral  influence  of  his  example,  among  his  co-workers,  "a-  quite 
as  beneficent  as  the  scientific  stimulus  exerted  by  the  results  he  at- 
tained and  partially  published.  To  these  qualities  he  added  a  calm 
and  unprejudiced  judgement,  an  admirable  power  of  statement,  and 
every  instinct  of  a  gentleman. 


CORRIGENDUM. 


p.  12,  col.  1,  line  7,    for     46.0    put     4.60. 
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NOTES   OX   DOUBLE   STARS  (II), 

By  A.  HALL. 


.£1216. 

The  motion  of  this  close  binary  has  been  almost  wholly  in 
the  angle,  and  a  mean  distance,  0".44,  has  been  used  in  com- 
puting the  coordinates. 

s  sinp  =  +0".249—  (0".0066)  [t— 1860.0] 

—  (0".000056)  [t— 1860.0]2 
s  cos/*  =  — 0".369—  (0".0043)  p— 1860.0] 

+  (0".0O0o67)  [t— 1860.0]2 


Date 

P 

s 

x    ■    \        y 

C  — O 

JX 

Jy 

— o!'o02 
+  0.008 
—0.007 
—0.002 
+0.001 

1831.24 
1851.28 

1866.55 
1880.92 
1891.26 

115.30 
139.49 
151.45 
166.57 
183.05 

0.452 
0.490 

0.357 
0.462 

+  0.398  —0.188 

0.286       0.335 

0.210       0.387 

+  0.102       0.428 

—0.023  —0.439 

—0.005 
+0.016 

—0.006 
—0.016 

+  0.011 

2*1338. 
This  star  is  probably  binary,  but  the  motion  can  be  nearly 
represented  by  a  right  line. 

s  siny-  =  + 1". 062  — (0".01 63)  [<— 1860.0] 

seosy)  =  — 1". 202—  (()". 0090)  [t— 1860.0] 


Date 

C  — O 

Jx 

Jy 

1829.53 

121.29 

1.762 

+ 1 .506 

—0.915 

-f  0.058 

—0.013 

1841.85, 

126.74 

1.730 

1.386 

1.035 

—0.028 

—0.004 

1849.1  1 

181.95 

1.680 

1.249 

1.123  —0.010 

•  0  019 

1864.86 

1  11.71 

1.566 

0.970 

1.229 

+  0.013 

—0.017 

1876.29 

151.72 

1.630 

0.772 

1.435 

+  0.024 

+0.086 

1888.28 

158.16 

1.540 

+  0.573 

—1.429 

+0.028 

—0.028 

Orbit  of  co  Leonis  =  .£'1856. 
The  apparent  distance  of  this  Btar  varies  from  a  third  of 

a  second  to  one  second  of  arc,  and  it  is  therefore  one  of  the 
closest  binaries  of  which  we  have  observations  from  the  time 
of  W.  Herschel  ;  and  since  that  time  it  has  desci  ibed  oearlj 
a  complete  revolution.  The  relative  accidental  and  personal 
errors  of  observation  are  very  great  for  the  small  distances, 


but  the  observations  of  angle  should  be  of  a  high  order  of 
accuracy,  since  an  error  of  5°  in  angle  =  0".05.  at  the  aver- 
age distance.  1  have,  therefore,  computed  an  orbit  of  this 
star  from  the  angles  only.  The  elements  of  Doberi  k,  Astr. 
Naeh.,  No.  2095,  were  assumed,  and  an  ephemeris  was  com- 
puted from  1782  to  1892.     These  elements  are  as  follows: 

So   =  148  46 

y  =     64     5 
;.  =  121     4 
e  =  0.5360 
P  =   110.82  years. 
T  =   1841.81 

I  have  adopted  the  notation  of  Encke,  except  that  ;■  de- 
notes the  inclination  between  the  planes  of  the  real  and  ap- 
parent orbits,  and  /.  is  the  distance  from  the  node  to  the 
periastron.  By  aid  of  the  ephemeris  the  following  normals 
and  residuals  were  formed,  the  angles  being  reduced  to  the 
epoch  1841.81. 


Date 

P 

C  -  0 

\\t. 

1782.86 

111.11 

—3.04 

l 

1803.09 

131.02 

—0.65 

1 

1825.21 

154.00 

—3.71 

2 

1838.88 

169.00 

—0.4  9 

4 

1844.10 

31  1.72 

—0.52 

4 

1852.52 

343.86 

4 

3  00 

1 

1870.45 

• 

I 

1876.72 

70.42 

+  0.72 

4 

1883     • 

87.25 

+  1.78 

4 

1889  80 

99.54 

+  2.51 

1 

The  first  two  positions  depend  on  the  observatii 
Hi  km  i,i  i  .  and  the  third  on  those  of  \V.  Mia  \i .  For  the 
other  normals  there  are  numerous  observation.-,  generally 
from  eight  to  fifteen,  and  1  have  given  them  all  the  same 
nient  weight.  The  equation  of  condition  is  of  the 
form 
a.lQ,  +  b.J;  +  c./;.  +  dJf+  8  .IM„  +  f.ln  +  C— 0  =  0 


:;i 
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The  coefficients  a,b,c,  &c,  are  the  partial  derivatives  of 
the  angle  with  respect  to  the  elements  of  the  orbit,  and  have 
the  follow  ing  values  . 
a  =   +  1 

b  =  —  sin?  tan(v+A)  cos*(p — Si) 
cos'(p— ft) 

c  =  cos j — ,.;  ,  ,. 

cos 
(2— ecosg— e8)sin.E 


d  = 


(1— e  cos  Ey 


f  = 


( 1 — e  cos  A' 


10 


u  and  A' are  the  true  and  eccentric  anomalies.     The  equa- 
tions of  condition,  and  the  residuals  after  the  solution,  are 

as  follows  : 


+  1.000  JQ, 
+  1.000 
+  1.114 
+  2.000- 
+  2.000 
+  2.000 
+  2.000 
+  2.000 
+  2.000 
+  2.000 
+  2.000 


+  1.011  Jy 
+0.647 
+  0.035 
—1.291 
+0.994 
—1.180 
—  1.916 
^0.681 
+  0.880 
+  1.804 
+  2.068 


+  1.216  JX 
+  0.644 
+  ii. CIS 
+  1.283 
+  1 . 1 04 
+  1.214 
+  -.'.o:.:; 
+  4.390 
+4.502 
-  3.656 
+  2.856 


+  o  152  df 
—0.398 
—1.135 
—3.121 

+  1.536 

+  2.798 
+  3.838 

+  I.  7os 

+  :;.i9i 

+  1.S.V1 
+  0.753 


+0.488  IM, 
+  0.265 
+  0.579 
+  2.453 
+  3.973 
+  1.834 
+  1.980 
+  2.313 
+  1.997 
+  1.439 
+  1.049 


— 2.580J» 
—1.026 
—0.962 
—2.068 
+  0.910 
+  1.965 
+  3.206 
+  6.626 
+  6.970 
+  5.969 
+  5.036 


—3.04 
-0.65 
—5.29 

—0.98 
—  l.(U 
+  5.10 
+  1.28 
+  1.16 
+  1.44 
+  3.56 
+  5.02 


The  solution  of  these  equations  by  least-squares  gives, 


JSi  =  —1  40 
Jy  =+0  4 
J).    =   +1    49 


d<p  =+0     8 
JM0  =   +0  34 
Jn  =  — 0°.  126229 


The  probable  error  of  a  position  of  weight  unity  is  ±  1".99  ; 
or  ±0".021,  at  the  distance  0". 6.  In  order  to  find  the  mean 
distance,  or  semi-major  axis  of  the  orbit,  I  have  computed 
it  from  the  apparent  distances  measured  by  the  observers 
who  have  most  frequently  observed  this  star.  Their  obser- 
vations give  the  following  results: 


W.  Strove 

0.929  a    =  0.970 
0.000  0.515 

0.537  0.447 


2.066  a     =   1.932 


Dkmiiowski 

0.584a 

=  0.460 

0.593 

0.440 

0.611 

0.415 

0.623 

0.438 

O. 

Struve 

0.376  a     =  0.375 

0.432 

0.483 

0.476 

0.440 

0.520 

0.450 

0.551 

0.535 

0.578 

0.428 

0.595 

0.430 

0.611 

0.487 

0.620 

0.463 

0.614 

0.470 

11.046  a 

2.411  a     =  1.753 


O.  Strdve 


0.604  a 

=  0.520 

0.588 

0.600 

0.581 

0.625 

0.573 

0.560 

0.553 

0.520 

0.54  4 

0.550 

0.547 

0.580 

0.554 

0.570 

0.559 

0.520 

0.570 

0.590 

=  10".  196 


1!.  Engelmann 
0.685  a 
0.703 
0.722 


0.741 

0.761 

3.612  a     =  8.283 


=  0.559 
0.620 
0.658 
0.719 
0.727 


Resldaalu 

0 

+  0.07 

+  0.29 

—5.11 

+  1.54 

—0.96 

+  2.82 

—0.87 

—0.66 

—0.96 

+  1.44 

0 

+  1.36 

A 

.  Hall 

0.633 

a     =  0.415 

0.651 

0.462 

0.670 

0.480 

0.687 

0.490 

0.706 

0.617 

0.724 

0.550 

0.779 

0.535 

0.798 

0.664 

0.817 

0.668 

0.836 

0.642 

0.853 

0.748 

0.8 

74 

0.748 

9.028  a     =  7.019 


Hence  we  have  the  following  values 


W.  Struve 
O.  Struve 
Dembowski 

Engelmann 
A.  Hall 


a  =  0.935 
a  =  0.923 
a  =  0.727 
a  =  0.909 
a  =  0  777 


4 

1 


The  new  elements  therefore  are, 

SI  =  147  6 
y  '=  64  9 
;.  =  122  53 
e  =  0.53789 
P  —  115.30  years 
T  =u  1841.99 
a  —  0".864 

The  period  is  increased  4\  years,  and  the  other  elements- 
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are  changed  but  little.  From  the  corrected  elements  a  new 
ephemeris  was  computed,  and  I  Lave  compared  all  the  ob- 
served angles  that  1  have  found.  The  residuals  are  given  in 
the  following  table  in  the  sense  C  —  O. 


Date           Observer 

Jp 

Date 

i  (bserver 

J/> 

1782.87  W.  Herschel 

+   0°7 

1856.30  Wiunecke 

-  3A 

1803.09 

—  0.7 

1865.26  Dembowski 

-  3.5 

1825.21  W.  Struve 

—  3.9 

1870.15 

•• 

-  7.1 

1832.25           " 

+   0.6 

1871.16 

" 

-  3.4 

1833.29            " 

—  4.7 

1872.21 

" 

1835.34 

+    5.6 

1873.58 

" 

-  4.0 

1836.28 

+    7.4 

1875.25 

" 

-  0.8 

1830.24  J.  Herschel 

+  12.0 

1876.16! 

" 

-  2.6 

1831.01 

Dawes 

—  5.4 

1877.36 

" 

-  6.1 

1842.27 

" 

—  2.9 

1878.28 

it 

—  1.2 

1843.18 

" 

+   5.0 

1865.67 

R.Engelmauu 

+    4.0 

1854.23 

" 

+   3.2 

1882,23 

" 

+    4.0 

1832.11 

Smyth 

+    3.6 

1883.24 

" 

+    0.7 

1840.29 

O.  Struve 

+  16.1 

1884.23 

ii 

—  2.6 

1842.31 

" 

—  4.4 

1885.27 

" 

+   0.4 

1843.30 

" 

—11.8 

1886.32 

" 

0.0 

1844.29 

» 

—  7.6 

1870.33 

Diiner 

+   8.0 

1845.31 

u 

2.7 

1871.31 

•• 

—  2.4 

1846  30 

" 

+    0.5 

1875.31 

" 

—  2.8 

1847.33 

" 

—   1.4 

1*72.1* 

Wilson 

—13.2 

1848.32 

u 

—    1.0 

1873.23 

" 

+   0.4 

1849.32 

" 

+   2.2 

1873.29 

Gledhill 

-  0.1 

1850.96 

" 

+    2.7 

1876.20 

+  3.3 

1852.60 

" 

—  5.4 

1875.26 

Schiaparelli 

+    1.2 

1855.32 

" 

+   3.8 

1877.2* 

•• 

—  0.3 

1857.28 

" 

+   0.5 

1879.31 

* 

—  0.2, 

f 859.30 

" 

—   1.7 

1881.33 

ii 

—  2.6 

1860.28 

" 

—  1.8 

1882.36 

ii 

—  5.7 

l-SCl.-J.S 

" 

—  0.2 

1883.31 

" 

—  4.2 

1864.30 

" 

—  6.4 

1884.30 

" 

—   2.4 

1868.63 

tc 

—    1.1 

1885.31 

" 

—   2.7 

1870.28 

ii 

—  7.7 

L876.28 

WllsonSeabrooke 

—   0.2 

1872.31 

" 

—  5.3 

1877.22 

Doberck 

—  4.1 

1873.96 

" 

—  2.9 

1878.95 

A.  Hall 

+    1.1 

[846.28 

Madler 

—   0.7 

1880.26 

" 

—   2.2 

1851.24 

—  2.1 

1881.31 

•• 

—  2.6 

1852.30 

»i 

+   3.4 

•• 

+    0.2 

l.s;,:;.:;s 

ii 

—  0.1 

1883.34 

" 

—   1.3 

1854.31 

" 

—  2.4 

1884.32 

•■ 

—  4.4 

1855.28 

" 

—  6..s 

1887.31 

—  O.s 

1856.42 

" 

—  5.3 

1888.29 

•• 

—   1..". 

1853.18 

Jacob 

+    3.1 

1889.29 

—  1.3 

1853.96 

" 

—   1.5 

1890.32 

—  1.1 

1855.29 

Secchi 

7.;"i 

1891.28 

ii 

+  0.6 

1856.17 

'« 

—  4.:l 

1892.31 

i* 

+    1.4 

1857.31 

" 

—  5.5 

1885.31 

Tarrant 

—  3.0 

1858.35 

" 

+    1.6 

1888.21 

•• 

-  0.7 

i,xr,6.:n 

2, » 

1890.27 

( lomstock 

—  1.7 

1857.29 

Morton 

+  :;.< 

1891.0; 

l..:i\  enwortb 

—  1.0 

1855.8 

Winnecke 

— 13.61 

the  case  of  the  residual  of  1840.  +16M,  the  distance  was 
only  a  third  of  a  ad   this  difference  amou 

0".09.  Perhaps  I  have  given  too  much  weight  to  the  early 
observations  of  Hzbschel,  but  these  will  be  useful  for  some 
vears  to  come. 


;  l..  onia  =  —  1 124. 
Tin-  observations  of  this  -tar  since  the  time  of  Heesi  iikl. 
give  an  angular  motion  of  31°,  but  since  Strove,  only  11°. 
Though  it  is  probable  thai  this  -tar  is  binary,  the  modern 
observations  can  be  satisfied  by  a  right  line,  and  the  orbits 
that  have  been  computed  must  be  very  uncertain. 

s  sin??  =  +2". 823  +  (0".01326)  [r— 1860.0] 

+  (0".0000336)  [?— 18G0.0]' 

s  cos;>  =  — 1".030  —  (0".01513)  [t— 1860.0] 

+  (0".0000060)  [f— 1860.0]' 


Date 

P 

s 

x               y 

C-<> 

M           Jy 

1829.74 
1833.96 
1840.34 

1-17.1.". 
1861  "l 
1869.90 
1876.24 
1884.79 

102°  72 
104.27 

106.51 
lo7.75 
110.02 
111.64 
1  13.06 
113.86 

2.4  71 
2.533 
2.842 
2.780 
2.973 
3.155 
3.304 
3.502 

+  2*410  —0.544 
2.455  0  624 
2. 72.".  0  808 
2.648  0.848 
L018 
2.933  1.163 
3.040       1.294 

+  3.203  —1.417 

- 

+  0.046  — 
—0.170   +0.069 
11    +  0.003 
■ 

+0.024   —0.022 

:    -  0.014 

—0.030   +0.010 

Some  of  these  residual-  may  appear  large,  but  it  should 
be  remembered  that  the  distance  was  small,  and  that  the 
real  error  in  the  arc  of  a  great  circle  is  not  Iar<ze.     Thus,  in 


In  the  case  of  this  star  the  increase  of  distance  and  the 
slow  motion  in  angle  have  caused  doubt,  but  the  followiug 
results  indicate  that  it  i-  a  binary. 

ssini>=  +  1".716  +  (0\02967)  [<— 1860 

— ^ii"  « 379)  [<— 1860.0J 

s  copj>  =  —  1M58- (0".C13H  l  [I       - 

— (0".000119) 


Date 

P 

s 

r 

y 

Jx 

jy 

1828.34    10.20 

L497 

+  0.119 

:  — 0.022    • 

i-::  I.:.-   25.44 

1.599 

l.lll    +0.i 

1848.56    10.55   1.784 

1.1 0O 

\, ;;;.,'   —0.034   —0-014 

:   50  87    1.849 

1.484 

1.10.7    +-0.      - 

1863.66   58.16  2.197 

1.866 

1.159  _0.046  —0.051 

[880.45  68.79  2.870 

—  O.oll    - 

1882.6  ' 

2.17:' 

+  0.014      - 

1888.41    72.64   2.332 

+  2.22'' 

+  0.696    +0.027   —0.006 

so 
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2' 17s.".. 
The  motion  of  this  star  also  has  been  thought  rectilinear, 

l>ui  my  results  show  that  it  i>  binary,  and  we  may  bo \- 

pecl  :i  more  rapid  motion  in  angle.  Although  an  easy  pair 
to  observe,  tin'  measures  of  distance  by  experienced  ob- 
servers are  very  discordant. 

a  mm/<  =  — 0".887  —  (0".O4058)  [<— 1860.0] 

+  (0".000165)  [t— 1860.0]5 
scosp       -    2".962  f  (0".04320)  [t     I860  0 

991,)  [t— 18G0  0]2 

1892  May  81. 


Date 

P 

t 

c 

c_  (i 

V                J* 

J» 

1880.15   164°85 
1848.07    17:i.M2 
1853.68    181.08 
1861.32    188.42 
1872.76   202.93 
1  NTs.  71    211.90 
1881.91    218.98 
1388.41    234.57 

3.487 

:;.l  10 
:;.-:;:: 
2.901 
2.407 
2.185 
1.988 
1.623 

-  0:941 

+  0.370 
0.061 
0.425 
0.988 

1 . 1 28 
1.249 

-1..-S-J2 

— 3*358  f-o'.084 
8.420  —0.023 
3.282  —0.068 
2.870  —0.016 
2.217  +0.060 
1.818  +0.089 
1.546   +0.052 

—0.941    —0.085 

- 9 

+0.011 

—0.088 
—0.088 
+0.009 

+  (K*nr, 
+  0.000 

THEORETICAL    PHOTOGRAPHIC    MAGNITUDES 

AURIGA, 

By  J.  M.  SCHAEBERLE. 


OF    THE     NEW    STAR    IN 


The  problem  of  determining  the  photographic  magnitudes 
of  the  fixed  stars  has  claimed  the  special  attention  of  se\  eral 
observers:  Charlier,  Pickering,  Pritchard,  Scheiner  and 

others.  The  present  writer  took  up  the  subject  in  the  sum- 
mer of  ls.S'.t.  The  preliminary  results  obtained  will  be  found 
published  in  No.  I  of  the  Publications  of  the  Astronomical 
Society  of  the  Pacific.  The  method  which  I  devised  differs 
from  all  others  in  this  particular:  For  any  exposure-time 
the  photographic  magnitude  of  any  star  is  expressed  as  a 
function  of  the  equivalent  theoretical  aperture  which  a 
standard  star  {Polaris)  would  require  to  make  the  same  im- 
pression on  the  plate  in  the  same  time. 

In  fact,  the  investigation  led  to  a  formula  which  may  be 
said  to  be  of  a  theoretically  general  character  (when  properly 
interpreted),  applicable  to  a  photographic  telescope  of  any 
size,  provided  the  constants  peculiar  to  the  particular  instru- 
ment employed  are  first  determined,  or,  better  still,  elimi- 
nated. 

A  peculiarity  of  this  particular  form  of  expression  is  the 
fact  that  having  once  assumed  the  photographic  magnitude 
of  the  standard  star,  whose  image  is  impressed  upon  the 
photographic  plate,  the  theoretical  photographic  magnitude 
of  any  other  star  whose  image  is  impressed  upon  the  same 
plate  is  determined  without  reference  to  its  visual  magnitude. 

If  the  spectrum  of  any  given  star  is  unknown,  there  is  no 
known  method  of  determining  the  photographic  magnitude 
from  the  known  visual  magnitude.  If  this  last  statement  is 
conceded  to  be  true,  it  would  seem  to  follow  that  photo- 
graphic magnitudes  should  be  determined  independently  of 
the  visual  determinations  ;  for  if  the  light-ratio  is  taken  the 
same  for  the  photographic  and  visual  magnitudes,  namely 
2.5,  the  conditions  which  must  be  fulfilled  are  of  a  fixed 
character.* 

lo  obtain  a  uniform  system  of  photographic  magnitudes, 
it  is  of  course  necessary  to  have  the  plates  covered  with  an 
emulsion  prepared  according  to  a  fixed  formula.      (In  what 


*See  a  paper  by  Professor  Holden  in  Publications  of  the  Astro- 
nomical Society  of  the  Pacific,  Vol.  I,  p.  112,  in  which  the  general 
subject  of  determining  photographic  magnitudes  is  discussed. 


follows  I  have  assumed  the  emulsion  to  be  invariable).  Ap- 
parent deviations  from  a  law  deduced  from  observations 
made  with  a  particular  instrument  can  then  be  ascribed  to 
instrumental  differences. 

In  deducing  a  law  for  the  determination  of  magnitudes 
from  data  depending  upon  the  form  of  the  images,  consider- 
able uncertainty  will  generally  exist  in  deciding  upon  the 
proper  boundaries  of  the  stellar  images;  for  the  two  ex- 
tremes of  magnitude  this  uncertainty  in  long  exposure  is 
greatest.  Farther  on  I  shall  show  how  to  reduce  this  uncer- 
tainty to  a  minimum. 

If  with  a  standard  aperture  Q„(  =  0  inches)  the  diameter 
of  the  image  of  any  star  is  '/  for  an  exposure  time  t,  then 
the  theoretical  aperture  Q  which  a  standard  star,  as  Polaris, 
requires  to  produce  an  equal  impression  on  the  plate  in  the 
same  time  t.  can  be  determined  by  means  of  equation  (1) 
which  I  deduced  from  observations  on  bright  stars,  using 
only  Seed  plates,  sensitometer  26. 


d  ==  a  +  0in.0033(loc 


M.-,t 


(i) 


The  numerical  value  of  a  for  the  particular  telescope  used 
(a  6-inch  Dallmeyer  lens  belonging  to  the  I'.S.N.O.)  being 
0in.0055.  The  constant  +0.0033  probably  depends  largely 
upon  the  kind  of  dry-plate  used. 

With  the  arguments  t  and  Q  the  computed  theoretical 
values  of  d  were  tabulated  to  four  decimal  places.  In  using 
this  table,  which  is  not  printed  here,  tbe  measured  value  of 
d  corresponding  to  a  given  t  gives  at  once,  by  easy  interpo- 
lation, the  theoretical  value  of  Q,  or  the  theoretical  magni- 
tude m' ;  the  relation  between  Q  and  m\  for  perfect  tele- 
scopes, being  expressed  by  the  equation, 

i    ^QY 

m>  =  2.00  -   °gVQj  (2) 

0.4 
(See  Publications  A.S.P.,  Vol.  I,  p.  61),  Polaris  being  taken 

t  Our  measuring  engine,  for  a  time  used  in  this  work,  has  its  scales 
graduated  to  inches,  which  must  serve  as  an  excuse  for  using  this 
unit  of  measure  as  a  standard. 
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as  the  standard  star  having  the  photographic  magnitude  2.00 
( assumed). 

In  this  table  the  range  of  m!  is  15  magnitudes,  namely. 
from  in'  =  — 3.00  to  m!  =  12.00,  and  for  values  of  t  in 
seconds  fnun  (2)°  to  (2)'6,  or  from  1"  to  18"  12"'. 3. 

This  table  is  computed  for  Q0  =  6  inches.  If  the  aper- 
ture of  the  telescope  is  uQ0,  then  forth 'etically  perfecl  tele- 
scopes the  magnitude  m'n  would  be  expressed  by  the  equation 

logf-i- 

(3)  to'.  =  2—     °\nQ„, 

0.4 

Hence  with  the  aid  of  the  table  we  should  also  be  able  to 
determine  the  theoretical  photographic  magnitude  of  a  star 
photographed  with  an  aperture  nQ0,  by  simply  adding  5  log  n 
to  the  tabular  m',  corresponding  to  the  observed  arguments 
d  (corrected)  and  t.  In  order  to  obtain  some  idea  as  to 
how  far  these  theoretical  relations  can  be  relied  upon  in 
practical  applications  to  telescopes  in  actual  use.  a  most  ex- 
treme case  was  selected. 

Professor  Holden,  aided  by  Professor  Campbell,  made 
for  me  a  series  of  exposures  on  Polaris  with  the  33-inch 
photographic  objective  of  the  great  equatorial  ;  the  exposure 
times  being  respectively  1,  2,  4,8,  16,  32,  64,  128  and  256 
seconds.  I5y  subtraction,  as  in  equation  (6),  we  can  get  rid 
of  the  constant  of  the  33-inch  lens.  Formula  (1)  shows 
that  whatever  the  constant  term  for  a  given  telescope  may 
be,  the  growth  rf2  —  dx  of  the  image  during  the  interval  of 
time  (<2  —  ti)  is  given  by  the  equation 


(6) 


d,  —  dl  =  0in. 0033 ( log  A>— logO-77 


As  the  results  in  detail  will  be  published  in  the  next  volume 
of  the  Lick  Observatory  Publications,  it  is  only  necessary  to 
state  here  that  the  tabular  value  of  Q  corresponding  to  the 
observed  rate  of  increase  in  the  measured  diameters  of 
Polaris  is  ."» . 6 7 .  giving  the  tabular  magnitude  — 1.77;  hence, 
according  to  equation  (5), 


(7) 


=  —1.77  +  5  loe5.5  =  1.93 


If  a  51  es  of  varying  duration  be  ma 

the  same  plate,  any  two  of  these  exposures  will  determine 
the 'rate  of  growth  by  means  of  equation  (6).  The  shorter 
exposure  should  nol  be  less  than  one  second.     The  tabular 

Q 
value  of  -=-  can  then  be  found  without  reference  to  the  con- 

v 
stant  of  the  instrument  (using  the  uncorrected  values 

from  the  equation 


When  it  is  considered  that  this  result  for  the  magnitude 
of  Polaris  (differing  only  0.07  from  the  adopted  magnitude  1 
is  practically  the  same  as  that  given  by  the  6-inch  objective 
used  in  obtaining  the  data  for  determining  the  law,  it,  would 
seem  to  indicate  that  the  results  obtained  with  different  in- 
struments are  less  heterogeneous  than  might  naturally  be 
expected;  for  in  this  case,  not  only  ate  the  apertures  very 
different,  but  for  the  33-inch  telescope  the  ratio  of  aperture 
to  focal  length  is  only  about  one-third  as  great  as  it  is  for 
the  Dallmeter  lens. 

Discrepancies  in  the  results  given  by  different  observers 
are  probably  largely  due  to  the  fact  that  the  constant-  pe- 
culiar to  each  instrument  have  not  been  sufficiently  sharply 
determined. 


'',  — '', 


V  = 

"(?„        0.0033  (log  U— log  r,) 


and  the   magnitude    mn   by  means  of  equations  (2)  ai. 
These  same  quantities  can  be  more  readily  taken  from  the 
table  -non  to  be  published,  as  stated  above. 

Although,  in  my  tirst  experiments  the  formula  appeared 
to  hold  good,  even  for  stars  three  or  four  magnitudes  brighter 
than  Pilaris,  I  did  not  at  the  time  determine  how  far  down 
the  scale  the  results  could  be  considered  reliable. 

The  appearance  of  the  New  star  in  Auriga,  which  it  was 
desirable  to  follow  photographically  as   long   a-    pi  - 
made   it   necessary   to   extend    the    investigation    on    stellar 
magnitudes  to  -tars  which  were  only  visible  in   large  tele- 
scopes. 

As  the  6-inch  Dallmeter  lens  with  which  the  original  in- 
vestigations were  tirst  carried  on  was  no  longer  available,  a 
Willard  lens  (belonging  to  our  (1:01  kkk  telescope)  of  the 

same   aperture   and   similar  ( struetion  was   used.      From  a 

large  number  of  exposures  on  Polaris,  I  found  that  the  tabu- 
lar values  required  the  correction  +0.0010  for  this  telescope. 

In  other  words  the  equation  for  the  WXLLARD  lens  is 


d  =  0.0065  +  0.0033 


K' 


(»> 


A  discussion  of  some  preliminary  exposures  of  long  du- 
ration made  it  evident  that  there  is  considerable  uncertainty 

as  to  the  proper  method  for  measuring  the  images  ;  especially 
is  this  the  case  for  very  bright  and  very  fain!  star-.  The 
boundaries  of  these  images  on  the  negatives  are  not  perfectly 
-harp,  so  that  different  observers  will  not  necessarily  obtain 
the  same  absolute  values  for  any  given  image. 

After  various  trials  for  securing  some  definite  system  of 
measurement.  I  finally  devised  a  method  for   loi 
by  means  of   which  the  relative    photographic   magnitudes  of 

either  very  bi  faint  stars  can  bi  determined  with 

practically  the  same  degree  of  accuracy  as  that  obtained  by 
short  exposure-  on  bright  stars;  a  method,  therefore,  which 
gives  the  best  possible  results. 

It  is  well  known  that  bj  sui  cessr  ingon  slow 

contrasts  of   light   and   shade   can.  by  proper  expose- 
so  much  strengthened,  that  finally  only  uniformly  opaque 
and   transparent    films  remain,    without    apparent  gradation 
from  one  into  the  other:   that  is.  the   boundary  between  the 
Opaque  and  transparent  surface  is  sharply  defined. 
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Making  use  of  this  principle,  1  selected  o  negative  of  the 
n  around  Nova  Aurigaw  which  had  an  exposure  of  150™. 
A  suitable  positive  was  then  made,  on  a  slow  plate,  by  direct 
l  then  used  this  positive  i<>  make  a  se id  nega- 
tive, also  on  :i  slow  plate.  Finally  this  last  negative  was  in 
turn  used  to  make  a  second  positive,  which  I  shall  call  the 
standard  posith  e  plate. 

This  plate  contains  considerably  magnified  images  of  all 
the  Btars  on  the  original  negative,  with  the  additional  pe- 
culiarity thai  all  the  stars,  both  bright  and  faint,  are  of  the 
Bame  intrinsic  brilliancy ;  the  effective  brightness  n<>«  simply 
depending  upon  the  diameter  of  the  sharply  defined,  uni- 
formly  illuminated  stellar  disks. 

To  determine  the  relation  existing  between  the  diameters 
of  the  disks  on  the  standard  positive  plate  and  the  corrected 
tabular  values  for  the  same  magnitude,  1  first  determined 
the  photographic  magnitude  of  /3  Tauri,  Polaris  and  ^Aurigae 
from  a  large  number  of  negative  plates  exposed  ou  these 
stars,  the  exposure-times  being  2.  4,  8,  16,  32,  64  and  128 
seconds  respectively. 

Taking  Polaris  as  a  standard  star  of  the  second  magni- 
tude, the  results  are : 


(3  Tauri, 

1.08 

Polaris, 

2.00 

X  Aurigae, 

4.40 

The  diameters  of  the  magnified  images  on  the  standard 
positive  plate,  exposure  150'",  are  giveu  below. 


Star 

Magnified  Diarn. 
Standard  Plate 

Tabular  Diameter 
+0.0010 

Ratio 

(S  Titnri 
X  Aurigae 

0.1450 
0.0445 

0.0285 
0.001)3 

5.1 

4.9 

The  ratio  5.0  can,  for  practicable  purposes,  be  applied  to 
all  images  found  upon  the  standard  positive  plate,  as  a 
change  of  as  much  as  twenty  per  cent,  in  this  ratio  will  only 
result  in  a  change  of  about  two-tenths  of  a  magnitude  for 
the  faintest  stars. 

To  the  nearest  tenth  of  a  magnitude  equation  (9)  shows 
that  the  theoretical  diameter  of  the  faintest  stellar  image  ac- 
corded on  the  original  negative  is  0'".0001,  corresponding  to 
the  theoretical  magnitude  11.9. 

On  the  standard  positive  plate  the  diameter  of  the  smallest 
sharply  defined  image  is  about  0'n.0020,  giving  for  the  above 
rat  J  the  value  0in.0004  as  the  corrected  tabular  diameter, 
corresponding  to  the  theoretical  magnitude  11.5.  The  theo- 
retical magnitude  of  any  other  star  represented  ou  this  same 
plate  can,  for  the  same  scale,  be  at  once  taken  from  the 
following  table  by  simple  interpolation,  in  which 

d  =  5(tabularc?  +0.0010). 


i  i  lea!       Standard  Positive  Plate 


tude 

Measured  d 

12.0 

in 
0.0 > 

11.0 

,0040 

10  0 

.on;;, 

9.0 

.0120 

.s.D 

.0170 

7.0 

.0225 

6.0 

.0295 

5.0 

.0890 

4.H 

.0515 

8.0 

.0690 

2.0 

.0970 

1.0 

.1390 

0.0 

fj.2000 

Dp  to  March  10  the  exposures  ou  Nova  were  respectively 
2,  4.  8,  Ki.  .">■-',  64  and  128  seconds,  the  comparison-stars  on 
the  same  plate  being  ^Aurigae,  and  DM.  +30°,  Nos.  898 
and  963.  The  mean  photographic  magnitudes  of  these 
stars  in  terms  of  Polaris  I  found  to  be  4.40,  5.22  and  4.98. 
Both  of  the  DM.  stars  seem  to  fluctuate  in  brightness,  using 
X  Aurigae  as  a  standard. 

After  Nova  was  too  faint  for  accurate  measurements  for 
such  short  exposures  a  single  long  exposure  was  usually 
made.  As  it  would  have  been  very  laborious  to  determine 
the  constaut  for  each  p.late,  and  as  the  forms  of  the  images 
would  be  slightly  different  for  varying  times  of  exposure, — 
thus  introducing  considerable  uncertainty  as  to  the  proper 
method  of  making  the  measures,  —  I  deemed  it  best  to  use 
oue  of  these  plates  as  a  standard  to  which  all  the  other  plates 
should  be  referred.  To  remove  all  doubt  as  to  the  proper 
method  of  making  measures  consistent  among  themselves, 
the  above  described  copy  was  made  and  employed  as  a 
standard  of  reference. 

On  each  night's  plate  at  least  three  different  stars  were 
selected  in  the  neighborhood  of  Nova,  which  presented  as 
nearly  as  possible  the  same  density,  form  and  size  as  the 
variable.  Often  it  was  very  apparent  that  no  star  exactly 
resembled  Nova  ;  in  such  cases  the  brightness  of  the  variable 
was  found  by  interpolation,  using  stars  both  brighter  and 
fainter  than  Nova  for  comparison.  The  photographic  mag- 
nitudes of  these  particular  comparison-stars  were  then  de- 
termined by  direct  measurements  of  their  images  on  the 
standard  positive  plate.  To  eliminate  to  some  degree  any 
unknown  fluctuations  in  the  light  of  the  comparison-stars 
from  day  to  day.  each  magnitude  of  Nova  has  been  made  to 
depend  upon  at  least  three  different  comparison-stars. 

My  photographic  magnitudes  of  Nova  found  in  this  way 
begin  with  March  10.  and  continue  to  the  end  of  the  series. 
All  the  magnitudes  determined  previous  to  March  10  are  de- 
duced from  short  exposures  varying  from  (2)"  to  (2)7  seconds 
duration. 
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Thboreth  ix  Photographk    Magnitudes  of  Nova 

"■. 

Date 

Mt.  Ilainilt. 

Date 

Mt.  Hamilt. 

1892 

M.T. 

Remarks 

1892 

M.T. 

Ma  it. 

Remarks 

Feb.     6 

h       in 

12  30 

4.63 

(•) 

Mar.    3 

h       m 

9   10 

(a)  Mean  of  t»o  te- 

. 

8 

7  20 

4.54 

(") 

4 

8  25 

5.63 

9 

9  40 

4.67 

(a)  Mean  of  1 

6 

9   15 

5.40 

" 

10 

10     7 

4.77 

(<•) 

7 

9    l" 

la)      " 

11 

8  55 

4.4 

(a)  Poorfocu- 

- 

9    [0 

6.09 

12 

7  20 

4.5 

"                            

9 

8  55 

6.16 

(«)      " 

13 

!)  20 

4.3 

(«)          "                

10 

8    ± 

7.10 

14 

7  40 

4.03 

1  <:  'I  Depend  only  <■!!  XAuriyae 

11 

8    ± 

7.7m 

- 

15 

6   15 

5.22 

(<•) 

13 

8  24 

7.7o 

(0)       " 

t  in 

21 

10  10 

4.96 

(a)  Mam  of  tiro  sen 

15 

11     9 

8.45 

22 

9  30 

5.12 

(g)  Mean  of  flw  sets 

16 

8  35 

8.60 

24 

7    ± 

4.84 

(a)  (Also  i   i  -                                :...ur's  duration) 

20 

-   56 

9.25 

I'Jm 

25 

8  55 

4.90 

(a)  Mean  of  three  sets 

21 

8  50 

9.40 

■■ 

26 

9  50 

5.04 

a)  Mean  of  three  sets.    (Also  long  exp  «m 

22 

(i    17 

9.55 

• 

27 

8  20 

4.75 

(a)  Mean  of  two  rets.    (Also  long  expo?ui 

24 

9     2 

9.80 

■ 

28 

8  50 

4.98 

(«) 

25 

9   10 

10.00 

• 

Mar.    2 

10  45 

5.20 

(a)Mean  oft! 

(a)  Mag.  by  short  exposun  :s.  (ft)  Mag.  by  standard  plate. 

•These  Ions  exposures  were  made  to  determine  the  form  of  a  new  nebula  discovered  on  the  plate  exposed  Man  .    - 
cations  A.  S.  P.,  Vol.  IV,  p.  85).     Less  than  au  hour's  exposure  would  have  been  amply  sufficient  to  obtain  good  images  of  the  variable. 


Towards  the  close  of  tliis  series  the  bad  weather  set  in, 
so  that  long  exposures  could  uot  be  made  ;  the  photographic 
work  was  therefore  discontinued  after  March  25. 

The  visual  determinations  made  by  Proft  >>"i  s  II<>i.i>kn. 
Campbell  and  myself,  cannot  be  expressed  in  magnitudes 
until  the  brightness  of  the  comparison-stars  have  been  pho- 
tometrically determined. 

The  variations  in  the  visual  brightness  of  Nova  during 
February  were  very  marked  ;  the  photographic  results,  in  a 
general  way,  agree  with  the  visual  in  confirming  the  reality 
of  these  fluctuations.  During  February,  therefore,  dis- 
crepancies between  results  obtaini  d  ai  differi  Ql  stations  may 
be  due  to  actual  variations  in  the  light  of  A'ova,  unless  the 
exposures  were  made  at  the  same  time. 


The  purely  theoretical  determinations  of  magnitude  here 

given  (based  as  they  are  on   an   empirical  formula  of   a  very 
general  character),  bave  no  connection  with  the  correspond- 
ing  visual    magnitudes    other    than    assuming    /' 
Standard   star  of  the   magnitude   2.00,  and   using  the  light- 
ratio  2.5. 

In  conclusion,  it  may  lie  of  interi  - 
ing  to  the  formula  a  star  of  the  13th  photographic  magnitude 
cannot,  practically,  be  photographed  with  a  6-iuch  tell  - 
The    same    formula    place S   a    star   of   the    17th    photographic 

magnitude  beyond  the  reach   of  oui    33-inch  phol  'graphic 

ope. 

.V'.  Hamilton,  1892  May  is. 


OBSERVATIONS  OF   COMETal892    swum, 

MADE   AT    rHK   UAVERFORD   COLLEGE   OBSERVATORY    WITH    nil'    10-INCH    EQUATORIAL, 

[Communicated  by  Prof.  V.  P.  Leavenworth.] 


1892  Baverford  M.T. 

* 

No. 
Comp. 

Ja 

-* 

j8 

o/  s  apparent 

a 

Cora 

d           ■ 

Apr.     i')      16  25  ."'7 

1 

7 

.">'.. v_> 

21   10  55.19 

.     .     . 

D 

23     16   18  46 

•> 

5  ,  3 

— 1    17.41 

+  o  34.4 

■    50.7  7 

+  15 

1. 

26     15  51   26 

S 

6  ,  4 

+3  21.46 

+  0     5.2 

22    19 

-  17    25   31.6 

n9.619 

G 

15  51    26 

4 

6 

+  0  48  50 

22    19  20.1  I 



n9.619      .    .    . 

|. 

May    4     15  17   lo 

5 

10,6 

—0  l'7.21 

—2    19.1 

22   43 

1 

li     15  ;,■:,  12 

6 

1  .  1 

—6  53.40 

4-3    17.2 

- 

+  27    1 

( 

15   53    12 

7 

4  ,  1 

—  7   1  1.09 

+  5     1.1 

l'3     3  36.04 

+  27    . 

i 

C 

17     11  82  29 

8 

10 

■  :  5;i.40 

23   19  31.46 

.    .    . 

' 

15   4  1     15 

8 

5 

_N 

+  31    i    :<.:< 

... 

14  32  29 

9 

10  ,  5 

—  1   40.72 

—7  53.8 

23  19  31.62 

+  31     1     6.3 

j.9.708 

I" 
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Mean   Places  for  1892.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to     1 
app.  place                                     Authority 

1 

2 
8 

4 
5 

6 

7 
8 
9 

21  11      1.26 

22  11     8.75 
22   15  59.13 
22   18  82.18 

22  4  1     8.25 

23  in  29.77 
23    in  47.67 
28   16  38.48 
23  21    12.79 

—0.55 

—0.54 
—0.54 

—0.52 
—0.54 

—0.54 
—0.42 

ii.  1.. 

+  15     0    is.;, 
+  17  25  39.8 

+  23    19   --".'.n 
+  27  39  30.8 
+  27  38   19.3 
+  31    18   14.6 
+  31     9   12.2 

—13.1 
—18.4 

—  13.0 
—18  8 

—  13.3 

—  12.4 

—  12.1 

Seeliger,  Vol.  1.  27880 

S"cbjellerup  9 1 28 

Seeliger,  Vol.  I.  30772 

Seeliger,  Vol.  I.  80866 

W.  Bessel  XXII.  ',(9*6  +  987) 

Yaruall  (F)  10588 

B.A.C.  K099 

i(W.  Bessel  306,7)  +  |(Leiden,  Vol.V) 

\(  W.  Bessel  395.6)  +  g(  Leiden,  Vol.  V) 

Leavenworth. 


D  =  J.  H.  Dennis. 


E.    H.    GlFKORD. 


C  =  Wm.  H.  Collins. 


FILAR-MICROMETER   OBSERVATIONS  OF   COMET  a  1892  (s wift), 


MADE    WITH    Till'. 


-INCH    EQUATORIAL  <>F   BOSTON   UNIVERSITY    OB8ERVATORY, 
BY    J.    15.    COIT. 


1892  Washington  M.T. 

* 

No. 
Comp. 

-* 

^8 

e/'s.  apparent 
a                         8 

log  p\ 
for  a       1     fori) 

Mar.  16 

16  45     4.9 

1 

3  ,  3 

+   8*.  00 

—3     1.5 

19  46  22.12 

—22  32  33.1 

n9.515 

0  862 

Apr.  13 

11   45  52.2 

2 

—  15.58 

+  1   33.1 

21  36     4.69 

+   5  57     9.5 

?i9.624 

0.756 

15  25  28.2 

2 

6  ,  2 

—  9.87 

+  3   10.5 

21  36   10.40 

+   5  58  46.9 

?/9.595 

0.748 

18 

11   28  57.1 

3 

—23.60 

+  7  49.1 

21   53     8.46 

+  10  36  43.7 

?.9.637 

0.745 

May     4 

14     0  45.0 

4 

6  ,  2 

— 35.72 

—4  47.8 

22  43  26.81 

+  23   14   27.2 

H9.672 

0.703 

15     8   19.7 

4 

13  ,  4 

—27.62 

—3     0.8 

22  43  34.91 

+  23   16   14.2 

n9.634 

0.639 

Mean  Places  for  1802.0  of  Comparison- Stars. 


* 

a 

li.Ml.     tO 

app.  place 

8 

Red   to 
app   place 

Authority 

1 

•> 
3 

4 

19  46   14.SS 
21   36  20.86 

21  53  32.62 

22  44     3.04 

—IK  76 
—0.59 
—0.56 
—0.51 

—22   29   24.1 
+   5  55  49.1 
+  lli  29     7.5 
+  23   19  28  0 

—  7.5 

—  12.7 

—  12.9 

—  13.0 

Yarnall  6740 

Weisse's  Bessel  826 

L(Weisse's  Bessel  1212  +  Lamont  2878) 

1 J  u  inker  10655 

DOUBLE 

By  J.  E. 

With  reference  to  Professor  Hall's  interesting  paper  on 
Double  stars,  in  the  Astronomical  Journal  for  May  10,  1892, 
(Vol.  XII,  No.  1),  I  would  like  to  point  out  that  au  orbit 
for  36  Andromedae  =  2 73  was  computed  by  Dr.  Dobeeck 
in  the  year  1875.  He  found  a  period  of  349.1  years,  with 
periastrori  passage  in  1798.80,  and  au  eccentricity  of  0.6537 
(Astr.  Nctch.,  No.  2052). 

Au  orbit  for  .£228  was  computed  by  me  in  1889,  and  the 


STARS. 

GORE. 

elements  were  published  in  the  Monthly  Xotices  of  the  Royal 
Astronomical  Society  for  December,  1889  (Vol.  L,  No.  2). 
I  found  a  period  of  88.73  years,  with  periastrou  passage  in 
1906,  aud  au  eccentricity  of  0.5311.  My  elements  represent 
the  measures  from  1829  to  1889  fairly  well,  both  in  angle 
and  distance,  but  Prof.  Hall's  recent  measures  tend  to  show 
that  the  period  will  be  somewhat  shorter  than  I  found. 
Ballysotlare,  Ireland,  1892  June  9. 


CONTENTS. 
Notes  ox  Double  Stars  (II).  by  Prof.  A.  Hall. 

etical  Photographic  Magnitudes  of  the  New  Stab  in  Auriga,  by-  Pjrof.  J.  M.  Schaeberle. 
Observations  ok  Comet  a  1892  (Swift),  by  Prof.  F.  P.  Leavenworth. 
Filar-Micrometer  Observations  of  Comet  a  1892  (Swift),  by'  Prof.  J.  B.  Coit. 
Double  Stars,  by-  Mr.  J.  E.  Gore. 


Thos.  P.  Nichols,  Lynn.  Mass. 
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ON    THE   PROPER   MOTION    AND    PARALLAX    OF   IEQUULEI, 

By  K.   P.   LEAVENWORTH. 


i  Equvlei  is  a  close  binary  star,  with  a  period  of  about 
twelve  years.  It  is  of  the  fourth  magnitude,  and  bas  a 
proper  motion  of  tbree-tentbs  of  a  second  of  arc.  Neai  it, 
but  not  Bbaring  its  proper  motion,  i?  a  third  star  of  the  tenth 
magnitude.  On  these  accounts  it  seemed  an  interesting  pair 
to  measure  for  difference  of  parallax. 

In  order  to  satisfy  myself  that   tl  appearing  in 

the  measures  was  due  to  proper  motion  of  the  principal 
star.  I  have  made  a  new  computation  of  this  motion.  All 
measures  thai  re  mid  be  procured  were  used.  The 
measures,  with  the  exception  of  Sua  ve's,  and  all  measures 
of  a  single  night,  were  given  less  weight.  These  observa- 
tions, reduced  to  1875.0  and  corrected  for  differential  re- 
fraction, are  given  in  the  following  table.  The  formulas 
that  besl  repi  i  Si  tit  them  are 

.<  -inr  =  +  15".053  — 0".0482(T— 1875.0) 
ap  —  +33".664  +  0".2995  (  T— 1875.0) 

The  proper  motion  of  this  star  from  meridian  obsei  \ 
is  given  by  <>>.  w.  mi  mpe  in  the  Astr.  Nachr.,  No.  3000. 

I,,  =   +0".0012         db  =  — 0".286 

and  the  proper  motion  from  I  lie  above  formulas  is 

/«  —   +0'.0027         z/a  =  — 0".S00 

The  companion,  therefore,  has  little  or  no  proper  motion. 


•  rver 

Hale 

0- 

-C 

YVt. 

W.  Herschel 

1781.80 

78.75 

19.54 

—1.94 

\ 

South 

1825.26 

12.08 

—0.15 

1 

Si  ii  i  \  >■ 

11.56 

+  0.1H 

+  0.11 

1 

.1.  Herschel 

1830.35 

27.84 

+0.57 

+  1.14 

Smyth 

•J7.ll 

—0.14 

Struve 

1832.10 

39.85 

27.49 

+  0.19 

1 

•• 

1834.90 

37.95 

2  7.57 

1 

t . 

37.94 

27.64 

1 

" 

37.54 

+0.21 

1 

Smyth 

- 

37.75 

27.91 

—0.14 

Stnn  e 

1837.77 

1 

Smyth 

36.94 

+  0.11 

—0.21 

i 

<  ).  Struve 

1 841  ,.65 

34.92 

•JVM 

—0.03 

Kaiser 

1842.64 

34.13 

—0.61 

—0.37 

O  — C 

ssin/-. 

Madler 

+  0.60 

Kaiser 

1844.17 

34.02 

+  0.19 

0.  Struve 

1847.82 

32.29    30.50 

0.00 

- 

•  • 

1852.23 

-     31.24 

—0.07 

6      1 

•  ■ 

31.63 

—0.40 

i      1 

.. 

1857.12 

—o.ll 

+0.08 

•  • 

- 

- 

—0.20 

+0.02 

1 

iwski 

1862.71 

27.35 

—0.26 

1 

•  ' 

1863.64 

26.95 

—0.24 

—0.02 

1 

" 

1864.90 

34.31 

+  0.03 

1 

27.54     34.48 

+  0.44 

-   !  live 

26.12    34.72 

—0.20 

Duller 

25.5,1 

■ 

1 

Seabroke 

24.21 

+0.17 

Flammarion 

1877  82 

+  0.36 

—0.17     . 

Burnham 

22.58 

—0.23 

—0.24 

1 

•  • 

1881.46 

• 

1 

Perrotin 

21.97 

- 

+0.14 

1 

l.ea\  enworth 

-• 

20.55     10.38 

—0.18 

—0.24 

' 

•• 

20.74     U.03 

—0.04 

1 

•• 

1891.66 

20.54     11.02 

+  0.17 

1 

The  observations  for  parallax  are  measures  of  d  - 
alone.     The    principal    star    in    all    cases    appeared    >ingle. 
I    i    -uiii  of  the  corrections  for  aberration  and  refraction, 
amounting  in  no  instance  to  more  than  a  few  hundred 
:i    second,    together   with   the   assumed   proper   motion,    have 
been  applied.     The  corrected  distances,  with  the  di 
given  in  the  following  table: 


Hour 

Tner. 

mce 

i--.'  :>\-i 

—  J 

10.445 

- 

9.515 

—  J 

+  1 

72 

9.540 

+  1    41 

3 

9.731 

40.531 

+  2  J  7 

51 

• 

9.761 

19 

'.'.77-J 

45 

2    1  1 

40.454 

+  1      - 

12 
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Date 

ll ■  Ingle 

i  bei 

Distance 

Distance 

IN'.!]   U 

1889.928 

+  -.'    11 

16 

10.546 

in.845 

89.975 

+  3  51 

12 

10.288 

40.579 

90.851 

+  1   26 

62 

41.043 

41.095 

0.878 

+2  25 

fin 

11.038 

41.087 

90.! 

+  4  :;i 

38 

41.001 

41.060 

91.516 

—0  51 

19 

10.91  I 

10.797 

1.524 

—2  12 

02 

10.846 

10.728 

1.530 

—2   12 

64 

10.958 

40.833 

1.586 

—1   31 

7(1 

41.099 

40.977 

1.560 

—0   29 

GO 

41.092 

10.962 

1.864 

+  2  35 

50 

40.938 

40.720 

1.883 

+  2   15 

28 

41.184 

40.968 

1891.889 

+  1   59 

40 

41.043 

40.825 

From  these  were  formed  the  equations  of  condition,  the 

distance  for  1*91.0  being  assumed  to  be  40". 819. 


Equation 

Residual 

x— 1.488  y 

—0.660/7 

—0.035 

— 

0 

—0.119 

—1.485 

—0.655 

—0.011 

— 

0 

—0.095 

—  1.471 

—0.626 

+0.152 

— 

0 

+  0.069 

—  1.460 

—0.601 

+  0.111 

— 

0 

+  0.030 

—  1.2G9 

+  0.143 

—0.065 

= 

0 

—0.121 

—  1.214 

+  0.248 

—0.030 

= 

0 

—0.082 

—1.239 

+  0.271 

+  0.285 

= 

0 

+  0.234 

—1.228 

+  0.315 

+  0.222 

— 

0 

+  0.172 

—1.200 

+  0.419 

+  0.036 

= 

0 

—0.010 

—1.148 

+  0.580 

+  0.158 

— 

0 

+  0.119 

x  —  1.077?/ 

+  0.694/7 

—0.026 

= 

0 

—0.059 

Equation 


Residua] 


x  — 1.(12.".  y 

1  0.688  //   '  0.240 

— 

0 

+0.211 

—0.1  19 

-f  n.575 

—0.276 

= 

0 

—•1.2  15 

—0.127 

+0.625 

—0.268 

;= 

0 

—0.285 

—  11.1110 

'  0.671 

-    0.241 



0 

—0.208 

+  0.516 

-  -0.720 

1  0.022 



0 

+  11.077 

+0.524 

—  11.721 

-f  0.091 



0 

+0.1  17 

+  0.530 

—0.72(1 

—0.014 

=z 

0 

+0.042 

+  0.536 

-    0.720 

—0.158 

— 

0 

—O.102 

+  0.560 

—0.705 

—0.148 

— 

0 

—0.084 

+0.864 

+0.604 

1  0.099 

= 

0 

+  0.201 

+  0.883 

I  0.643 

—o.i  19 

= 

0 

—0.045 

x  +  0.889y 

+  0.652  7/ 

—0.006 

= 

0 

-f  0.099 

From  these  were  derived  the  normal  equations., 

+  23. 000.r  — 10.408?/  +  1.000/7—0*006  =  0 
—  10.408.x-  +23.672?/  —0.553  //  —1.330  =  0 
+   1.000.x  —  0.553y  +8.285  77—0.132  =  0 

the  solution  of  which  gives 

x  =  +0.031  ±0.024 
y  =  +0.070  ±0.023 
//=   +0.017   ±0.035 


r   = 

±0.102 

weight  n 

8.241 

[?m3] 

0".453 

[W] 

0.452 

Haverford  College  Observatory,  1892  June  10. 


Gore's  hypothetical  parallax  for  this  star  is  0".08. 


OBSERVATIONS  OF  VARIABLE   STARS   OF  THE  ALGOL-TYFB,  1891-1892, 

By  PAUL  S.  YENDELL. 


The  within  detailed  observations  are  in  continuation  of 
the  line  of  work  on  the  stars  of  this  type,  whose  results 
have  been  published  in  the  three  preceding  volumes  of  this 
Journal. 

Only  six  out  of  the  ten  known  stars  of  the  class  arc  in- 
cluded in  the  present  paper,  no  minima  having  been  observed 
of  UCephei.  8  Librae,  U  Coronae,  or  S  Cancri.  The  already 
published  minima  of  YCygni,  and  I  Tauri,  for  1891,  are 
here  repeated,  for  the  purpose  of  comparison  of  the  results 
of  the  different  processes  of  reduction;  a  tolerable  pro- 
visional mean  light-curve  having  been  formed  from  the 
seventy-five  observations  of  X  Tauri  obtained  by  me  during 
the  past  two  seasons.  For  S  Antliae  the  curve  constructed 
in  1891  has  been  used,  as  representing  the  star's  variation 
fairly  well ;  for  Algol,  that  of  Scbonfeld,  and  for  UQphiu- 
cJd,  Chandler's. 

In  addition  to  the  three  different  methods  of  reduction.  I 
have  thought  it  of  interest  to  give  the  least  observed  light  at 
each  minimum,  as  in  several  cases  there  is  a  suspicion  that 
the  extent  of  variation  may  not  be  uniform. 

The  time  used  is  the  local  mean  time. 


1090.     Algol. 

One  minimum  only  has  been  observed  dining  the  year. 
1892  Feb.  16  ;  fifteen  observations,  from  7'1  20'"  to  10h30" 
Time  of  minimum  by  single  curve  8h  56m.5,  wt.  1. 

"  •'  mean  curve,  9*  14'". 4. 

"  "  equal  brightness, 


3.4 


Jefore 

A  f  ter 

Mean 

8  26" 

ii      in 
10    1 

9   \.;.:, 

Least  observed  light,  3*.6 


1411.     X  Tauri. 

Four  minima  have  been  observed. 

1891  Oct.  17;  ten  observations,  from  9b  11'"  to  I31'  ll"1. 

Time  of  minimum  by  single  curve  10h  58"',  w.  4.  By  some 
error  of  transcription  or  printing,  this  was  erroneously  pub- 
lished as  10h  28'". 

Time  of  minimum  by  mean  curve  ll'1  5'". 5. 
"  "  equal  light, 
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Before  After 

/.O  9    28  12  56" 

4.1  10  16  11   37 

Mean  of  middle  light 

Least  observed  liglit,  4M.13.  Moon  full. 


11      7 

10  56.5 

11  1.7.". 


1411.     XTauri. 
1891  Oct.  21  ;  seven  observations,  from  81'  38"'  to  llh  28" 
Time  of  minimum  by  single  curve,  1U1'  22'",  w.  4. 
"  "  mean  curve,  10h  9m.7. 

"  '■  equal  light 

Before  After  Mean 

31s  9  20"'  11     i  10  12J) 

3.9  9  37  10  56  10  16.5 

4.0  10     8  10  48  10  28.0 
Mean  of  middle  liglit  10  18.8 

Least  observed  light,    4M.02.     Moon  bright. 

1891  Oct.  25  ;  twelve  observations,  from  8'1  5m  to  llh  45" 
Time  of  minimum  by  single  curve,  10h  10m,  w.  4. 

"  "  mean  curve,  9*  59'". 6. 

'•  "  equal  light, 

Before  After  Mean 

L0  9'    7"  10  5  2" 

4.1  9  35  10  41 

4.2  9  .".7  10  26 
Mean  of  middle  light 

Least  observed  light,  4*. 23. 


9  59.5 
10  8.0 
10  11.5 
10     6.3 


1891  Oct.  29  ;  seven  observations,  from  8'  2"  to  10h  8" 
Time  of  minimum  by  single  curve,  8b  59'",  w.  3. 

"  "  mean  curve.  8h  4  1'" 

"  "  equal  light, 

Before  After  Mean 


4.0  8    18 

Least  observed  liglit,  4M. 


9   24 


8  .".1 


2610.     7,'  Canis  Major  is. 
Three  minima  were  observed. 

1892  Feb.  L6  ;  eleven  observations,  from  7    29nl  to  1()'' 54" 
Time  of  minimum  by  single  curve,  9    32   .  w.  4. 
"  "  equal  light, 


Before 

After 

Mean 

M                          h        m 

6.5             8  .".7 

10  19" 

6.6             9      1 

9  53 

9  28.5 

6.7             9   11 

9   19 

9  30.0 

6.8             9    16 

9    11 

9  30.0 

6.9              9   21 

9  40 

9  30.5 

Mean  of  middle 

ighl 

9  81.4 

Leasl  obsen  ed  light,  7' 

.0. 

l  592  .March  i  ;  twelve  observations,  from  7h  15™  to  llh  10" 
Time  of  minimum  by  single  curve,  10*  49'".  w.  :',. 
equal  light. 
Before  After  .Mean 


7.0  10  21  11  8 

7.1  10  25  114 
Mean  of  middle  light 

Least  observed  light,  7". 22. 


10   14..". 

10  1 :.:. 

10  44.5 


1892  April  6  ;   nine  observations,  from  7h  45°"  to 
Time  of  minimum  by  sing  _    .  w.  4. 

"  "  equal  light, 

Before  After 

M  h         m  h        m  h        m 

6.4  8  37  9  12  8  54.5 

6.5  s    19  8  58  8  53 
Mean  of  middle  light,  6".67.        8  54.0 

Least  observed  light  6M.67. 

3407.     S  Antliae. 
Light  minima. 

1891  Dec.  28;  eight  observations,  from  14    25    to  15"  30" 

Time  of  minimum  by  mean  light  curve,  1> 

1892  Jan.  25  :   twelve  observations,  from  1  2    5    to  13h  55" 
Time  of  minimum  by  single  curve.  18*  39m,  w.  1. 

mean  curve,  13h  35'". 
equal  light, 

Before  After  .Mean 

7  A  13' if  18  49 

Least  observed  light,*  7M.  17. 

1892  March  19;  twelve  observations,  from  7*30"  I 
Time  of  minimum  by  single  curve,  9    13   ,  w.  I. 

mean  curve.  9*  5m. 

equal  light, 

Before  After  Mean 

m  h      m  h       m 

9  53             9  15 

7.0  9  35             9  12 

7.1  9     2  9  11 
Mean  of  middle  light  9  12.7 

Least  obsen  ed  light,  7".  1 2. 

1892  March  21  :  eleven  observations,  from  7 
Time  of  minimum  by  single  cur      S  ,  w.  1 

"  ••  mean  CU1  ve,  8     17. 

equal  light. 

After  Mean 


6.9  9   11 

7.0  -      -  '.'7 

M     in  of  middle  liglit 
Leasl  obsen  ed  light,  7 


• 
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i  392  Mai'. 30  .  fourte bservations,  from  6    10'  i"  I0h  I"" 

Time  of  minimum  by  single  cm  w.  3. 

mean  c\ir\ e,  9    I  I 

equal  ligbl . 
Before  Ifter  Mean 

M  h  Ml 

7.1  9    19  9  55  9  -;7 

Leasl  obsen ed  ligbt,  7". 2. 

1892  March  31 ;  eleven  observations,  from  8   ■>    to9   55' 
Time  of  minimum  bj  Bingle  curve,  9    30'  .  w.  5. 
me. in  curve,  9  24m.8, 

equal  light. 
Before  After  Mean 

H  .  h      m  h        m  h       in 

7.1  1)  8  9  40  9  2  1 

Leasl  observed  light,  7 M .  1 7 . 

1892  April  1  :  nine  observations,  from  71'  40"'  to  9h  30ra. 
Time  of  minimum  by  single  curve,  8h  37™,  w.  4. 

mean  curve,  8   38   .8. 

equal  light, 
Before  After  Mean 


6.9  8      1  9  25 

7.0  8   19  9     9 

7.1  8  34  8  40 
Mean  of  middle  light 

Least  observed  light,  7*. 12. 


8  44.5 

8  44.0 
8  37.0 
8  42.9 


1892  April  •_':;;  six  observations,  from  '.>    0™  to  9*  13  . 
Time  of  minimum  by  single  curve.  91'  13'". 5,  w.  3. 

"  "  mean  curve,  9h  13m.  I. 

Least  observed  light,  7™. 2. 

1892  April  24  ;  eight  observations,  from  8"  0'"  to  9"  35" 
Time  of  minimum  by  single  curve,  8h  39"',  w.  4. 

"  "  mean  curve,  8h  39'". 

"  "  equal  light, 

Before  After  Mean 

7.'l  >    is  8  58™  -      - 

Least  observed  light,  7". 19. 

Two  minima  were  partially  observed,  as  follow-  : 

1892  April  13  :  live  observations,  from  7"  50'"  to  9    0 
Time  of  minimum  by  mean  curve,  7h  41'". 

1892  April  25;  two  observations.  8h   l.V".  and  8b  30m. 
Time  of  minimum  by  mean  curve.  8*   18'". 5. 


6189.     UOphiuchi. 
Four  minima. 

1891  June  8  ;  ten  observations,  from  9h  0"'  to  llh  0" 
lime  of  minimum  by  single  curve,  10h  8"',  w.  4. 
mean  curve.  10b  :<..">. 
"  "  equal  light. 


6.6 


9    II 

:i   15 


! 
in  25 


10  3 

|o  5 

lo    I 


Mian  of  middle  light 
I.ea-t  observed  ligbl .  I 

1891  Aug.  25 ;  sixteen  observations,  from  8b  2"  to  1 1    -  . 
Time  of  minimum  by  single  curve,  lo    :;i    ,  w.  I. 
mean  curve,  1  it"  1  91  .  7. 
"  equal  light, 

Before  tfter  Mean 

6?7  10   17  L0  38™  in'  -li'.'t 

Leasl  observed  light.  6". 8. 

1891  s,pt.  in;  ten  observations,  from  7h  28™  to  9    18" 
Time  of  minimum  by  single  curve,  s     Um,  w.  I. 
"  mean  curve,  81'  37'". 5. 

equal  light. 
Before  After  Mean 

II  h       >n  h        in  h        in 

6.7  8    18  9    10  8    II 

1891  <  I't.   1  :    tour  observation-. 

Time  of  minimum  by  single  curve.  8*1  0™,  w.  1. 

"  "  mean  curve.  8h   13m. 

Least  observed  light,  6".6. 

1891  Aug.  I'D:   four  observations,   from   7"  50m  to    - 
no  minimum  observed. 

Time  of  minimum  by  mean  curve.  9"  42"'. 0. 

74>s.     YCygni. 
Thirteen  minima. 

1891  Aug. '20;   eight  observations,  from  13"   15"  loir,     .V    : 
actual  minimum  not  observed. 

Time  of  minimum  by  mean  curve.   1  l!l   II"1. 1. 

1891  Sept.  16  ;  sixteen  observations,  from  s  '  55m  to  l.V'  22'". 
Time  of  minimum  by  single  curve.  13h  l.V".  w  4. 

"  '•  mean  curve.  1  3'1  16'". 8. 

"  •■  equal  light, 

Before  After  Mean 


s   2 

8.3 


11  58 

12  -20 


14    22 
13  53 


L5" 


Mean  of  middle  light 
Least  observed  light,  n*'.4. 

1891   Sept.  19;  fourteen  observations,  from  11''  0'" 
V". 
Time  of  minimum  by  single  curve.  12h  56'",  u.  V. 

mean  curve.  1  2'1  56"'. 

equal  light 


Before 


After 


8.2 

11  14 

14   5 

12  44.5 

8.3 

11  46 

13  44 

12  15.0 

8.4 

12  24 

13  2V 

12  54.5 

Mean  of  middle  light 
Least  observed  light,  8M.43. 


12  48 


N°-  270. 


Ill  E      A  STRONOM  HAL     JOUB  NA  I. 


1891  Sept.  25 

sc\ en  observations,  from  '. 

1  50m  to  13 

>0 

1891  Nov.  6; 

eh 

ven  obser\  ations,  from 

:               n   35' 

Time  of  minimum  by  single  curve,  12 

4  6 

'.  w.  1. 

Time  of  minimum  by  single  curve,  1''    20   .  n.  5. 

"             ' 

'                mean  curve,   1  2'1 

16' 

.. 

' 

mean  curve,  10h  6" 

" 

'             equal  light, 

4 

' 

equal 

Before              After 

Mean 

Before              After 

Mean 

8*2 

8.3 

LI   22™           13  30 

12   12             13     6 

12  56 

12  39 

8*2 
8.3 

h        in                      h        in 
11         1 

9    16             lo   is 

h       m 
lo     2 

10   17 

Mean  of  middle  light 

12  47.5 

Mi  an 

of 

middle  light 

10  9.5 

Least  observed  light,  8M.34. 

Least  observed  1 

glit.  8".41. 

1891  Oct.  16;  seven  observations,  from  ! 
Time  of  minimum  by  single  curve.  lo   .'!.'! 
"              mean  curve.  10"  5  1' 
"             "              equal  light, 
Before             After 

'20m  to  11 

1 .   \v .  1  . 

Mean 

48"\ 

L891  Nov.  18;  thirteen  observations,  from  7  25    toll    17 

Time  of  minimum  by  single  curve.                         v..  2. 
"               "                mean  curve,   10'    i    .5. 

Least  observed  light .  8*. 27. 

8*2 
8.3 

'J  30              11    -10 
:)  44            11  :;.". 

of  middle  light 

10  33.5 

1891  Nov.  27 :  twelve  observations,  from 

Time  of  minimum  by  single  curve.  9b  21 

llieail   I'M  1  \  e.    !i      1  i 

: 

'.0,  w.  4. 

Mean 

LO  34.25 

'.6. 

Least  observed  light .  8M.4. 

1 

equal  light . 

L891  Oct.  25 
85m. 

seventeen  observations 

,  from  7"  ;;o"'to  llh 

8*2 

Before             After 

h        in                      1.        in 

7  50              lo  35 

Mean 
h         in 
'.I    12.5 

Time  of  minimum  by  single  curve,  10' 
"             "              mean  curve,  10'' 

28 
18' 

',  w.  3. 

'.2. 

8.3 

.Mean 

of 

8  44             10     7 

mill. lie  light 

9  19.0 

"              ' 

'             equal  light. 

Least  observed  1 

ight.  8".41. 

Before             After 

Mean 

8*2 

h       m                     h       m 
8    46                   11     26 

10     6 

1891  Nov.  30 

:    ( 

ight  observations,  from 

: 

8.3 

:i   19            117 
of  middle  light 
1  light,  8M.4. 

t  weh  e  observations,  from  7 
1 1 ii in  by  single  curve,  10*  '■<- 
1               mean  curve,  101'  26' 
'             equal  light. 
Before             After 

h        in                       h        in 

9    is             ii    2a 

10   13 

Time  of  minimum  by  single  curve',  '.'    l  I 
"               mean  Clin  e,  9    v    . 

•'             equal  light. 

a  fter 

h       in                 h       in 

s.i'              7   55             9   5  1 
8.3             -   29 
-   I             9     6             9   11 
Mean  of  middle  light 
I.,  ast  obsen  ed  light .  8*.  12. 

.  w.    1. 

Mean 
Least  observe 

1891  Oct.  28; 
Time  of  mini 

8*.'3 

10  9.5 

"  50'"  to  11" 
".  w.  5. 

.s. 

Mean 

0  37.5 

1. 

Mean 

h          m 

s  5  1 . 5 
9     l.o 

Least  observed  light,  8".  12. 

1891  Dec.  3  ; 

eleven  obsen  ations,  from 

1891  Nov-  .". ;  ten  observations,  from 

rime  df  minimum  by  single  curve,  10' 

"                mean  curve,    10h 

s:'  1 
16 
25' 

2   o,  ii    i; 

'.  w.  5. 
.8. 

Time  of  minimum  by  single  CU1'V(  . 
mean  CUI  \  ■  . 

equal  light. 

.  W.    1. 

.. 

'                equal  light. 

Before            After 

Mean 

Before             After 

Mean 

l>       in                  h       m 

so             :>  :;7 

-       ~ 

8*8 

9  8 2™            10  58 

[0     i 

s    i:             9  28 

:»  17.5 

s.l 

10     o             in  :;i 

10  17 

8.4 

;i   17            9  21 

\i   19.0 

Mi  an  i 

f  middle  light 

lo    1  I.;:. 

Mean 

of 

middle  light 

Least  observi 

d  light,  8M.  II. 

Least  observ< 

d  1 

ight,  smi. 

Dorchester,   (fa»s.,  1892  Jun<  28. 
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OBSERVATIONS  OF    VARIABLE   STARS    IN    L891, 


1072  p  Persei. 

This  stai  was  under  observation  from  1890  September  18 
to  1891  April  9,  tbe  observations  aumbering  22.  Wben 
Brsl  seeu,  September  18,  p  was  nearly  al  its  norma]  bright- 
ness or  S  steps  >  k  Persei.     A  slighl  depressi ccurred 

aboi itobei   I  representing  a  brigbl   minimum.     Tbe  Btar 

brightened  after  October  12,  the  light  remaining  nearlj  con- 
stant until  February  27,  when  tbe  Light  again  faded  and  a 
econd  bright  minimum  was  passed  about  March  23.  On 
April  9,  the  date  of  the  hist  observation,  p  had  brightened 
slightly. 

2100  U  Orio„  is. 

Twenty  observations  of  this  star  were  obtained,  extending 
from  1890  December  18  to  1891  March  80.  When  first  seen 
on  December  18,  f/was  £  step  >DM.  20°1168  and  5  steps 
<  DM.  20°1171,  or  8*. 6.  The  increase  of  light  was  rapid 
and  a  maximum  was  passed  about  1891  January  27. 

(Observations  interrupted  from  January  13  to  30).  Ob- 
served maximum  brightness  was  I  steps  >  DM.  19°  1 106 
and  two  steps  <  DM.  •20°1156,  or  6". 9  ;  this  representing' 
a  rather  faint  maximum.  The  light  remained  apparently 
constant  from  about  January  12  to  February  10,  or  29  days. 
The  decrease  was  slow*  and  very  uniform,  and  when  last 
seeu,  on  March  30,  [7 was  =  DM.  20°116S,  or  about  8".6. 

4940  W  Hydrae. 

Although  my  discovery  of  the  variability  of  this  star  was 
announced  in  1889,  no  good  determination  of  a  maximum 
phase  has  yet  been  secured,  owing  to  the  fact  that  the  period 
is  very  nearly  one  year,  while  the  present  series  of  maxima 
occur  in  the  spring,  when  the  star  can  only  be  observed  in 
the  early  morning  hours.  The  star  was  Ih-st  detected  this 
year  on  the  morning  of  March  5  and  estimated,  from  a 
comparison  with  the  neighboring  star,  18788  of  Goi  i  n'^ 
General  Catalogue,  to  be  about  7*. 2.  It  had  increased  in 
brightness  2  or  3  steps  on  March  10;  and  on  March  30  it 
was  estimated  at  about  6M.S.  On  April  9  the  star  had  faded 
to  7M.0,  and  on  May  3,  the  date  of  the  last  observation  it 
had  reached  7M.5. 

A  maximum  is  indicated  about  March  21?  The  few  ob- 
servations, 7  in  number,  secured  in  1890.  and  extending 
from  March  17  to  May  11,  give  a  maximum  for  March  25  ? 

5667  R  Coronae. 

The  observations  on  this  star  number  8,  and  extend  from 
April  9  to  June  3. 

When  first  seen  on  April  9,i?was  at  about  its  normal  bright- 
ness or  midway  between  the  stars  DM.  32°2621  and  DM. 
30°2682,  or  6M.3.  On  April  27,  R  had  faded  to  6\6.  and 
continued  to  grow  fainter  until  June  3,  the  date  it  was  last 
observed,  when  it  appeared  very  faint  in  the  field-glass  and 


I-'.    SAWYER. 

was  estimated  to  be  8*.7.  It  has  not  been  Been  since  then, 
although  occasionally  looked  for. 

5912  7  Hercvlis. 

A  fair  series  of  observations,  30  in  number,  n 
on   this   star,   extending   from   April   9   to   November   2. 

These  observations  when  charted  exhibit  \\\ axima  and 

two  minima.  The  Brsl  maximum  was  a  faint  one  and  was 
[Kissed  on  July  7.  The  second,  a  bright  one.  was  reached 
on  September  25. 

The  interval  between  the  maxima  was  80  days.  The 
first  minimum,  indicated  by  a  .slight  inflection  only,  was 
reached  on  June  10.  The  second,  a  faint  one.  war.  passed 
on  August  II.  The  interval  between  the  minima  was  Co 
days. 

6189  U  Ophiuchi. 

The  following  minima  of  this  star  have  been  determined 
since  the  publication,  in  No.  177  of  this  Journal,  of  my 
definitive  discussion  of  all  my  observations  to  1888.  The 
times  have  all  been  calculated  by  means  of  the  mean  light- 
curve,  by  Argelander's  method;  and  the  comparison  in  the 
O — C  column  is  with  Dr.  Chandler's  definitive  elements. 


Epoch 

Observed  Minimum 
Boston  M.T. 

Light 

Equat. 

Wt. 

O— C 

2994 

1888  June     1     9  55.2 

+  7JB 

4 

— 10T1 

3006 

11    11   27.7 

+  7.6 

3 

—  9.8 

3025 

27     9  53.0 

+  7.2 

1 

—10.6 

3100 

Aug.  29     7  56.6 

+  1.4 

1 

+  11.6 

3131 

ls.s.S   Sept.  24      7    17.1 

—2.0 

4 

+  0.9 

3465 

1889  July      1    10  33.4 

+  7.1 

4 

+  14.1 

3565 

Sept.  23     7   1  ■_'..'> 

—1.6 

2 

—  2.6 

4420 

1891  Sept.  10     8  48.4 

—0.2 

0 

+  19.7 

6733  R  Hcicti. 
This  star  was  observed  from  June  3  to  November  27,  1  I 
observations.  The  charted  observations  exhibit  only  one 
maximum  and  two  minima.  When  first  seen,  on  June  3,  R 
was  unite  bright,  having  evidently  but  recently  passed  a 
maximum.  R  faded  quite  slowly  until  after  July  16,  when  a 
more  rapid  decline  occurred,  and  a  faint  minimum  was  passed 
on  August  23  ;  light  =  5.0.  The  rise  was  very  rapid  and 
uniform,  and  a  very  bright  maximum  was  reached  October 
1  ;  light  =  24.3  ;  this  being  the  brightest  observed  maximum 
since  April  1883.  It  remained  at  maximum  but  a  few  days, 
rapidly  declining  and  passing  a  second  and  bright  minimum 
about  November  9.  When  last  observed.  November  27.  B 
was  evidently  brightening  again. 

7120  x  C>i<riti. 
This  star   was  observed  on  20  nights  from   July  16  to 
October  5.    When  first  seen  on  July  16,  \  was  4  steps  <  DM. 
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33°3602,  or  about  7M.3.  The  increase  was  very  rapid,  a 
maximum  being  passed  August  14.  Maximum  brightness 
4   steps   <  DM.  33°3587,   and  3  steps    >  DM.  32°3531    or 

Brighton,  Muss.,   1802  May. 


5M.8.     The  decrease  was  Blow  and  uniform,  and  when  last 
observed  on  October  5,  ^was  5  +  Bteps  <  I'M 
about  7M.5. 


LIGHT- VARIATIONS    OF    S  PEES  HI    AND    T  AEIETIS, 

By  J.  G.   II  A*,  EX,  S.  J. 


In  a  former  article  with  a  similar  title  (A.J.  No.  231, 
p.  115)  a  series  of  observations  of  these  two  stars  between 
the  years  1883  and  1888  was  discussed  by  the  writer.  The 
results  showed  great  irregularities  in  both  periods,  and  on  ing 
to  this  circumstance  a  watch  was  kept  on  these  stars  for  the 
last  two  years,  although  they  lie  outside  the  present  plau  of 
work  in  our  observatory. 

During  the  five  years  preceding  1888,  the  period  of 
S  Persei  proved  to  be  the  longest  of  all  yet  known,  and  that 
of  T  Arietta  showed  a  decided  decrease. 

From  the  present  discussion  it  will  appear  that  S  Persei 
is  maintaining  its  long  period,  although  the  Iight-CUI  ve  bus 
been  very  irregular,  and  that  the  period  of  TArietis  has 
kept  decreasing  at  a  uniform  rate. 

I.    S  Persei. 

In  the  article  referred  to  it  was  stated  (p.  116),  that  the 
light  of  this  star  had  only  two  maxima  and  three  minima 
between  the  autumns  of  1883  and  1888,  and  that  this  fact, 
though  in  discord  with  the  elements  of  previous  observers, 
was  placed  beyond  doubt,  as  the  star  had  been  "  followed 
almost  throughout  the  whole  year  and  the  time  of  it-  invisi- 
bility was  frequently  recorded."'  This  statement  was  con- 
Brmed  by  two  other  observers, —  Safaris  and  Hartwig. 

The  former  found  the  period  between  the  years  1880  and 
1889  to  range  from  814  to  952  days  (A.N.  lid.  126,  p.  168), 
the  latter  found  the  intervals  between  succeeding  maxima 
from  187'.)  until  1888  to  be  respectively  356,  667 .  863  and 
829  .lays  (V.J.S.,  1891,  p.  236). 

A  careful  discussion  of  my  own  observations,  extending 
over  live  years,  gave  the  two  well-determined  maxima: 

1885   March   11,     and     1887  July    11. 
with  the  interval  of  852  days. 

No  observations  of  this  star  seem  t"  have  been  published 
since,  except  a  very  interesting  statement  by  Prof.  Safaris 
in  this  Journal  (No.  261,  p. 167),  that  the  star  reached 
nearly  its  full  light  unexpi  Ctedly  early,  and  kept  shining  with 
almost  constant  brilliancy  from  July  1891  until  March  1892. 

My  own  observations  "  ere  resumed  in  the  autumn  ol 
when  the  star  was  near  disappearance,  and  after  its  reap- 
pearance, they  extend  from  September  1891  until  thi 
April  of  this  year,  when  the  light  was  agaiu  declining. 

A  preliminary  reduction  of  the  22  observations  showed 
some  resemblance  of  the  light-variations  to  those  in  1884,  and 
a  comparison  between  the  plotted  curves  gave  with  some 


degree  of  probability  a   maximum   about  tfo 
March,  1892,  with  the  magnitude  7.0  of  the  DM.  - 

The  interval  from  the  last  observed   maximum.  1>*7  July 
11,  until  1801  March  2.  and  the  day  marked  OB  the  CD 
the  time  of  maximum,  is 

1696  =  2  X  848  days. 

There  was  one  intermediate  maximum,  which  was  [ait  by 
Prof.  Safaris  1889  December  4. 

The  close  agreement  of  the  interval  2  X  848  with  the  one 
given   in   the   former  article.    \  i/..    852,    may  be   partly  acci- 
dental ;    though   it    must    be   stated,    that   when   determining 
the  time  of  the   last   maximum   no   previous  km 
had  as  to  when  it  was  ti  ed. 

It  follows  then,  that  although   the   light-curve  of  til 
maximum  was  very  irregular,  the  period  does  not  seem  to 
have  changed  much  for  the  last  eight  years. 

II.     TArietis. 

The  gradual  decrease  of  period  which  was  stated  in  the 
article  already  mentioned  I  p.  117).  was   not   only  confirmed 

by   later   observations,    but    proved    to    be  .uniform   for  the 
if  the  last  twenty  Veal  ~. 

Observations  of  this  star  were  resumed 

and  continued  until  the  middle  of  March.  1892,  with  an  in- 
terruption  during  the   summer    months,   when   the   stl 
near  the  sun. 

A  preliminary  reduction  of  all  tin      •  _  ive  a 

light-curve   with    two   maxima,   one   of   which   could   be   well 
detei  mined. 

This  latter  falls  on  1892  January  16,  whilst  the  other  can- 
not be  far  from  1891  Mai 

The    inflection,    mentioned    on    page    118    of    the    former 
article,  lias  again  appeared  before  both  maxima. 

Table  1   will  exhibit  all  tin  me  to 

notice    (see   this  Journal.    No.  231,    p.  1  1  7.    where    tl 
column    of  Schonfeld's   observations    should    bi     beaded: 

.Villi, 

I'm. ii     I. 


s 

Maxima 

.Tut.  Day 

—  11 

37      Ma..  LI 

•J  105 

- 

■ 

—  10 

1874  Jan.   28 

2  105  552 

Sell. 

—  :i 

1874    Dee.    It! 

•J  10 

- 

1887  Dec.     1 

•J  1  lotto; 

II. 

+  11 

1892  Jan.    If. 

2  412114 

II. 

18 
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'I'lic  principal  epoch  is  thai  of  the  maximum  in  the  autumn 
.,1'  1882,  or  the  twelfth  Bince  1878. 

flu  third  column  gives  the  Julian  Day  of  the  observed 
maxima. 

From  the  last  column  ii  beco s  :»i  once  evident,  thai  the 

period  is  decreasing  at  the  rate  of  about  one  day  for  every 

e] Ii.     The  final  result  "ill  show,  that  ilii-  change  may  so 

•  11  bi   supposed  uniform. 

I  r  we  assume  the  mean  period  to  be  318  days  approximate- 
ly, and  the  maximum  of  1882  to  bave  occurred  about  Octo- 
ber 31  (or  1  he  principal  epoch  to  have  fallen  near  the  Julian 
Day  -  108750),  we  bave  five  equations  of  condition  of  the 
form  : 

Maximum  =  (875(H-s)  +  (313+z)  E—  U  I  •  y)  E  . 

\  solution  by  least  squares  gave  the  results : 

x  =  — 0d.39 

y  =  +0".311  ±0d.042 

2  =    f0d.17     ±0d.lo 

and  consequently  the  elements  : 

Maximum  =  1882,  October  .'11  +313.17  E  —0.655E-. 
Georgetown   College,   1892  May  29. 


The  small  residuals  of  Table  11  prove  the  correctm 
these  elements  for  the  interval  from  1s7l'  to  1892. 


Table 

II. 

/■: 

Obs 

1  !omp. 

11  — c 

—  11 

—  10 

—  9 
+   6 

+  11 

2  105  229 
2  105  552 
2  105874 

2  107 

2  412  114 

5  226 

:,  .",;,:; 

5  878 
10  605 
12  116 

<i 

—  1 
—4 

+  2 
—2 

From  these  ele nt>.  the  next  following  maximum  1 

expected  1892  Nov.  11.  The  maximum  of  1893  will  fall  on 
Sept.  1,  and  cannot  be  obtained  from  evening  observations, 
while  that  of  1894  June  26,  will  be  entirely  invisible. 

In  c ilusion,  attention  may  be  called  to  the  c pai 

star  ;/.  which  appears  generally  brighter  than  e  [see  this 
Journal,  No.  231,  p.  1 17.  Table  III],  but  at  times  decidedly 
fainter. 

The  presumption  is,  however,  that  the  change  depends 
on  the  season  of  the  year,  ami  consequently  on  the  position 
of  the  ol. server.  Since  g  is  likely  to  be  taken  a>  compar- 
ison-star by  all  observers,  a  disregard  of  this  circumstance 
will  be  apt  to  introduce  sensible  errors  in  the  reductions. 


ETLAR-MICROMETEE   OBSERVATIONS  OF  COMET  a  1892    mi///  , 


MADE    WITH    THE    IS 


INCH    EQU  ITORIAL    OF    VASSAR    COL] 

By  MARY  W.  WHITNEY. 


I  c.l     OBSJ  RVA  rORV, 


1892  Poughkeepsie  M.T. 

* 

No. 
Comp. 

-* 

6/ '>  apparent 
a                         S 

log 

lorn 

/'A 
ford- 

April  26      15  54  35 

29     15  51   37 

May      4     15  41     4 

1 
2 
3 

4 

7 
7 

+  0'"4s.7.". 
+  1    16.70  j 
—  0  24.7:i 

-3  37.3 
+  3  31.7 
— 2  19.3 

22   r.i'-.'o.i: 
22  .".1    53.15 
22    13  38.17 

17  25  29.6 
19    16   15.1 
23   16  54.1 

&9.704 
&9.613 

»:i..".l6 

0.664 
0.649 

II. CIS 

Mean  Places  for  1892.0  of  Comparison- Stars. 


* 

a 

lied,  in 
app.  place 

8 

Red.  to 

app.  place 

^authority 

1 

2 
3    ' 

22   18  32.29 

22  .".11  37.00 
22  44     3.47 

— o'.SS 

—0.5.-, 

—0.51 

17  29  2o!l            — 13:2 
19  43     6.5           —13.1 
23    19  26.4    '1     —13.0 

W.  Bessel  XXII,  367 
W.  Bessel  XXII, €38 
W.  Bessel  XXII,  986,7 

NAME   OF   ASTEROID. 

Dr.  Mas  Wolf  writes  from  Heidelberg,  that  he  has  given  to  the  asteroid  323,  photographed  by  him,  1891  Nov.  28, 
tin'  name  Brucia.  This,  the  first  planet  discovered  by  photography,  is  named  in  honor  of  Miss  Catherine  W.  Bri  i  e,  who 
has  contributed  so  generously  for  the  advancement  of  astronomy. 


C  O  N  T  E  N  T  S  . 
on  the  Proper  Motion  and  Parallax  of  i5Equulei,  by  Prof.  F.  P.  Leavenworth 
Observations  of  Variable  Stars  ofc  inn  Algol-Type,  1891-1892,  by  Mr.  Paul  s.  Yendkll. 
Observations  of  Variable  Stars  us  1S;h,  nv  Mr.  Edwib   1-    Sawyer. 
Light-Variations  of  SPersbi  and  T  Arietis,  by  Rev.  .1.  <;.  Hagen. 
Filar-Micrometer  Observations  01  Comei  a  1892  (Swift);  by  Miss  Mary  W.  Whitney. 
Name  of  Asteroid. 

Published  ix  Boston,  semi-monthly,  by  B.  a.  Gould.     Address,  Cambridge,  Mass.     Price,  S5.00  i  m   Voli  me.     Press  of  Tiios.  P.  Nichols,  i.vnn.  Mas 
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REMARKS    OX 


MR.  CHANDLER'S     LAW    OF    VARIATION    OF    TERRESTRIAL 
LATITUDES, 

By    SIM  (>X    NEWCOMB. 


The  fact  of  a  periodic  variation  of  terrestrial  latitudes, 
and  the  general  law  of  that  variation,  have  been  established 
beyond  reasonable  doubt  by  the  observations  collected  by 
Mr.  (handler.  But  two  of  his  minor  conclusions,  as  enum- 
erated in  No.  3  of  this  volume,  do  not  seem  to  me  well 
founded.     They  are:  — 

1.  That  the  period  of  the  inequality  is  a  variable  quan- 
tity. 

'2.  That  the  amplitude  of  the  inequality  has  remained 
constant  for  the  last  half  century. 

I  must  first  point  out  a  difficulty  which  arises  in  the  de- 
termination of  the  amplitude  in  a  case  like  the  present  one, 
in  which  the  epoch  is  unknown,  and  the  amplitude  of  the 
same  order  of  magnitude  as  the  systematic  errors  of  the  ob- 
servations. In  such  a  case  the  effect  of  the  errors  of  obser- 
vation is  to  make  the  apparent  amplitude  systematically  too 
great. 

In  the  problem  of  determining  the  parallax  and  aberration 
of  a  star,  the  epochs  of  maximum  and  minimum  values  of 
both  quantities  are  known  in  advance,  as  a  function  of  the 
sun's  longitude.  Consequently,  the  effect  of  errors  of  obser- 
vation may  as  well  be  to  diminish  as  to  increase  the  true 
value  of  the  constant,  and  we  shall  probably  approximate  to 
the  truth  in  taking  the  mean  of  a  great  number  of  results. 
Let  us  see  why  it  is  different  in  the  present  ease.  We  take 
the  equations  of  condition  in  the  form  (9)  given  by  Mr. 
Chandler  on  p,  18, 

x  +  by  +  cz  =  n 

After  determining  X  and  y  from  a  system  of  such  equa- 
tions the  amplitude  r  is  found  by  the  equation 

r  =  \/'/  +  z3 

To  fix  the  ideas,  suppose  the  true  values  of  y  and  ;  to 
be  zero,  so  that  there  is  no  actual  variation  of  latitude.  It 
is  infinitely  improbable  that  a  discussion  of  any  one  series  of 
observations  will  give  the  value  0  for  both  x  and  .'/ ;  if  s  and 


s'  be  the  errors  of  the  result-,  we  shall  find  from  each 
of  observations  such  a  result  as 

y  =   ±e  t  —    ±i' 

Thus  we  shall  get 

'•  =    V?T^' 

a  positive  amplitude.     Hence  we  should   have  from  the  dis- 
cussion of  any  number  of  different  set     - 
equal  number  of  values  . 


all   necessarily   positive.       I  Id  not 

be  an  approximation  to  the  true  value  of  /'.  which  is  zero  by 
hypotheses,  but  only  the  mean  error  of  the  i 
How  can  we  know  then  that  the  forty-five  values  of  r  tabu- 
lated by  Mr.  Chandler  on  p.  18  are  anything  else  than  so 
many  errors  in  the  determination  of  a  quantity  whose  true 
value  is  zero?  There  are  two  tests  which,  to  b( 
must  be  combined. 

1.     The  mean  value  of  /•  must   be  much  greater  than  the 
probable  mean  errors  of  the  observations.      Tbs      • 
have 

mean  /•  >  prob.  y/e'  +  c" 

We  must  then  have  some  idea  of  the  probable  value  of 
this  last  quantity.  This  idea  may  be  formed  in  two  ways  ; 
a  priori,  or  by  the  discordances  of  the  result*  _  them- 

selves.    We  begin  with  the  latter,  and  with  the  first  eleven 
results  which  fall  within  Mr.  ChaNDI 
60.      The   three   best    results   are   those   of    Plllki 
o'.oss   and   0".051,   respectively.     The   other  eight 
range  between  0'.21 1  an  I 
that,  in  a  general  way.  the   mean  vail  ■    1  ^(  :'  must 

iter  than  0".10  m  the  case  of   thi  -•    eight 
Hence  we  may  say 

prob.   x  ,-  +  ,"     >   n".l5 

The   mean  value  of  r  which   Mi.  I'nw  ir  this 
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pei  iod  is  0".  182.*  The  difference  is  too  small  to  afford  any 
basis  for  a  conclusion,  and  Bbows  thai  the  variation  was 
e\  am  scent  during  i  be  period  in  question. 

llui  1  must  also  remark  tbat,  a  priori,  tbe  estimate 
e  =  +  0".lo  is  too  small.     The  systematic  errors  varying 

from    month    to   n th,  and   from  season  to  season,  with 

which  every  one  who  bas  discussed  meridian  observations  is 
familiar,  would  lead  to  rallies  of  ;  or  t'  greater  than  this, 
1  conclude,  therefore,  that  so  far  as  this  first  test  goes,  Mr. 
Chandler's  numbers  prove  nothing;  we  can  only  say  that 
they  form  sucb  a  series  of  results  as  we  should  expect  if  tbe 
variation  were  nil,  the  best  observations  giving  small  results, 
the  others  large  ones. 

The  second  lest  is,  that  the  epochs  of  maximum  or  of 
minimum  latitude  form  a  series  of  numbers  nearly  in  arith- 
metical progression.  The  results  since  1860,  at  least  such 
of  them  as  are  entitled  to  any  weight,  satisfy  this  test  so 
well  that  there  can  be  no  doubt  of  the  reality  of  tbe  revo- 
lution of  the  axis  of  rotation,  as  indicated  by  theory.  But, 
the  question  now  arises  how  far  we  are  entitled  to  assume 


that  the  period  must  be  invariable.  I  reply  that,  pertur- 
bations aside,  any  variation  of  the  period  is  iii  Mich  direct 
Conflict  with   the   laW8   of  dynamics   that  we   are  entitled   to 

pronounce  it  impossible,  lint  we  know  that  there  are  per- 
turbations, and  I  do  not  sec  how  one  can  doubt  that  they 
have  so  acted  as  to  increase  the  amplitude  of  the  variation 
since  1840.  The  "observations  of  Stedvb  and  Peters  show 
that  the  semi-amplitude  was  probably  markedly  less  than 
0".06  dining  the  years  1840-44,  probably  not  greater  than 
0".04  or  0".05.  And.  as  I  have  shown,  no  contemporary 
observations  can  invalidate  this  conclusion.  But  the  semi- 
amplitude  now  appears  to  exceed  0".20.  Now,  the  disturb- 
ing causes  which  produced  this  increase  would,  at  tbe  same 
time,  so  change  the  longitude  of  tbe  pole  of  rotation  that  the 
continuity  of  the  period  would  probably  be  entirely  broken. 
In  view  of  the  minuteness  of  the  coefficient,  after  1840,  as 
shown  by  the  Pulkowa  observations,  and  the  want  of  obser- 
vations of  the  necessary  precision  during  the  next  twenty 
years,  it  seems  to  me  difficult  to  draw  any  conclusion  as  to 
the  continuity  of  the  period  between  1840  and  1860. 


*  This  value  is  taken  from  the  wrong  column  on  p.  2.     It  should  be  0".217. — G. 


ELEMENTS  AND  EPHEMERIS   OF   COMET  a  1892  (swift)* 

By  MILTON   UPDEGRAFF. 
From  observations  made  here  on  March  12,  22  and  April  I     1892 
1,  I  have  deduced  the  following  elements  and  ephemeris  of      Julv   1" 
Swift's   Comet.      The  corrections  have   been   applied  for 
parallax,  aberration  and  the  sun's  latitude: 

Elements. 

Greeuw.  M  T. 


T  =  April  6.644732 

co  =     24     30     41.8 
9,  =  240     55     1  2.9 
i   =     38     42     41.6 
log  q   =  0.0115760 

For  the  middle  place,  O — C  = 
+  1".2  in  latitude. 


3". 5  in  longitude  aud 


Heliocentric  Coordinates. 

x  =  [9.9229417]  r sin (349°  2'  1.6  +  v) 
y  =  [9.9997811]  rsiu(257  50  46.5  +  v) 
z  =  [9.7383725]  r  sin(345     3  51.7+v) 

Ephemeris  for  12h  Greenwich  M.T. 


1892 

June  30 

Julv      1 

2 

3 

4 


9 

10 
July   11 


0  44  55.20  +46  29  43.6 
0  46     8.32      46  43  32.3 


log  r 
0.2318 


log  J 

0.2304 


Br. 
0.20 


0  47  19.20 
0  48  27.85 
0  19  34.21 
0  50  38.27 
0  51  40.04 
(i  52  39.48 
0  53  36.56 
0  54  31.29 
0  55  23.63 


46  57     6.3 

47  10  25.6 
4  7  23  30.4 
47  36  21.1 

47  48  57.7 

48  1  20.4 
48  13  29.5 
48  25  24.8 
48  37     6.5 


0.2407     0.2339     0.19 


0.2495     0.2371     0.18 


0.2581     0.2401     O.i: 


0  56   13.55  4-48  48  34.6 


13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

1 

2 

3 

4 

5 

6 


Aug.     8 


0  57 
0  57 
0  58 
0  59 


1.05 
1 6  08 
28.63 

8.71 


0  59  46.26 

1  0  21.26 

0  53.71 

1  23.57 


AllJ! 


50.82 

15.46 

37.44 

56.76 

13.43 

27.41 

3  38.70 

3  47.29 

3  53.17 

3  56.36 

3  56.87 

3  54.67 

3  49.78 

3    12.21 

;;  31.94 

3  19.01 

3     3.41 

2   45.16 

2  24.28 


48  59   49.3 

49  10  50.6 
49  21  38.4 
49  32  12.9 
49  42  34.0 

49  52  41.6 

50  2  35.7 
50  12  16.1 
50  21  42.8 
50  30  55.6 
50  39  54.4 
50  48  39.1 

50  57     9.5 

51  5  25.2 
51  13  26.3 
51  21  12.8 
51  28  44.0 
51  35  59.7 
51  43  0.1 
51  49  44.8 

51  56  13.5 

52  2  26.2 
52  8  22.5 
52  14  1.9 
52  19  24.6 
52  24  30.1 
52  29   18.2 


log  r 
0.2666 


log  J 

0.2428 


Br. 
0.16 


0.2749     0.2452     0.15 


0.2831     0.2474     0.14 


0.2912     0.2494     0.14 


0.2991     0.2513     0.13 


0.3069     0.2529     0.12 


0.3146     0.2544     0.12 


0.3221     0.2558     0.12 


0.3294     0.2571     0.11 


0.76  +52  33  48.7     0.3367     9.2584     0.11 


The  brightness  ou  March  7  is  taken  as  uuity. 


Observatory  of  State  University,  Columbia,  Mb.,  1892  June  24. 
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A  DEVICE    FOR   ELIMINATING    REFRACTION    IN    Ml*  ROMETRK     OE    PHOTO- 
GRAPHIC  MEASURES, 

By  S.  C.  CHANDLER. 

But  the  corrections  for  differential  refraction  are 


It  may  be  worth  while  to  point  out  a  method  by  which  the 
effect  of  differential  refraction  may  be  mechanically  elimi- 
nated from  the  results  of  micrometric  observation,  or  the 
measurements  of  photographic  plates.  To  say  that  a  device 
is  possible  by  which  an  error  may  be  introduced  into  such 
measures,  which  shall  nearly  compensate  the  distortions 
produced  by  the  atmosphere,  may  seem  at  first  to  be  para- 
doxical ;  but  I  thiuk  that  the  following  will  show  that  this 
can  be  done  simply  and  effectively,  and  that  the  matter  is 
not  one  simply  of  curiosity,  but  possesses  practical  interest. 
in  view  of  the  great  labor  of  computing  the  differential  re- 
fractions, when  there  are  many  stars  upon  the  plate. 

Let  s  and  p  be  the  distance  and  position-angle  of  a  star,  as 
measured  from  a  central  star,  in  the  focal  plane  of  the  tele- 
scope. Let  s'  and  p'  be  the  corresponding  values,  as  meas- 
ured in  a  plane  slightly  inclined  to  the  focal  plane  ;  the 
angular  deviation  of  the  plane  being  c,  and  the  position- 
angle  of  the  line  of  intersection  of  the  two  planes  being  y. 
Further,  let  ft  be  the  small  angle  between  the  lines  drawn 
from  the  central  star  to  the  position  of  the  other  on  both 
planes.     We  then  have  the  approximate  relations, 

tun.}'  =  tanc  sin  (p — y) 
s  =  s  cos(p'-Ks)  sees 
cot(p' — ;■')  =  cose  cot (p — ;  I 

where  ■■'  is  the  angle  on  the  assumed  plani  ling  to 

;■■  cm  the  focal  plane. 

Since  c  and  J  are  small,  we  find,  neglecting  third  and 
higher  powers  in  the  development,  and  putting 


/  =  s'c  sin-  1" 

c~  ', , 

s — s   =  — s  —  sin*  r  sin* (p — ;■) — /sin(p — y) 

p—p'=  —  ^  sin  1"  sin  •_></>— ;■)+  ;■  —  ;■' 


0) 


which  are  the  corrections  to  be  applied  to  the  distance  and 
angle  measured  on  the  assumed  plane  to  reduce  them  to  the 

foeal  plane.       Now.  make  the  line  of    intersection  Of  the  two 
planes  horizontal,  so  that     y  =  90°  +  q\     and  make 


(2) 


c  =  a/-*  taiu  coseel" 


where  q  and  £  are  the  true  parallactic  angle  and  zenith- 
distance  of  the  central  Blar,  and  k  is  the  corresponding  con- 
stant of  differential  refraction.  The  equations  (1)  then 
become. 


(3)      s  —  a' 
p—p> 


—8k  tan'-r  C08*(p — j)  +  /C0S(p — <j) 
ccosec  1"  tan-  fcos(p — 7)  sin(p — 7)  +■  j  —  ; ' 


a-  —  s  =  sic[tan*£  cos*(p — 7)  +  l]  (4) 

-p  =  — k  coseel "[tan* J  cos(p — 7,1  sin(| — q) 

tanfl] 


subject  to  a  remark  to  be  made  further  on. 
of  the  second  of  (3  ,1  and 


dition 


n — p '=  — k  cosec  1"  tan  J  sin  7  tan  J  +y — ■ 

which  is  the  same  for  all   stars   on   the  plate  :   consequently 
it  will  disappear,  the  zero  of  position-angle  being 
from   the    apparent    motion.      To    make    this    evident,    pot 
/''  =  p  =  270°,    in  the  third  of  the  fundamental  formulas 
in  the  beginning  of  this  article,  and  we  have,  developing, 

;'  —  y    =  dp    =   -   sin  1     sin  2; 

as  the  correction  to  the  zero  of  position-angle  due  to  incli- 
nation of  the  plate.     Making  the  same  substitution- 
fore,  i.e.,    y  =  90°  +  q,    and  c  as  in  eq.  (2),  this  bei 

dp'  =  — k  cosec  1"  tan2,  sin  7  cos q 

But  we  have  as  the  collection  for  zero  of  position- 
due   to  refraction,  i.e.,  for  difference  of  true  and  apparent 

diurnal  motion, 

Jp  =  K  cosec  l"[tan- :  sing  cosg  +  tan  ."  sin  g  tan*] 
consequently, 

lp'  +  dp  =  k  coseel"  tan  T  sin  7  tanfl 
which,  inserted  in  to  (5),  gives 

n —  p'  =  0 

We  thus   have   the  singular  result  that  the  position- 
Of   Stars  measured  on    a   plate  inclined  in  a  vertical  dil 
to  the  focal  plane,  by  the  angle  c,  eq.  (2),  will  be  entirely 
free  from  the  effect  of  differential  refraction. 

The  distances,  on  the  contrary,  will  require  a  small  cor- 
ThllS,  adding  the  first  of  (."■)  and  (4),  we  have 
<y  —  •■*'  =  »«  +  /cos(p — q),  which  is  very  simply  computed. 
/being  taken  from  a  table  like  that  below,  [f  the  - 
revolution  is  determined  from  the  plate,  the  first  term  of 
course  disappears. 

One  point    is   to   be   noted.      The  values  of  7  and  £  6 
sinned   to   be   those  for   the   center   of   the  plate;   hut  in  (4) 
they  should  be  taken  for  the  middle  points  between  the 
I  have  elsewhere  shown  1  A.J.  X.  p.  I7,"i)  that  tin 
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to  reduce  to  the  proper  values  are  verv  simple.     Thus,  if 

we  put     ;/  =  — sin  1"  sec£  cos(;j — </),     we  have. 
./(<r-.v)  =  8(<r— a)g     .      /(«— p)  =  8(«— i 
These  corrections  are  ordinarily  very  small,  ami  maj  be 
interpolated  from  a  few  values  computed  for  different  parts 
of  the  plate. 

It  may  be  objected  thai  the  above  device  will  affect  the 

stellar  images  ;  bu(  attentive  examination  will  show,  I  think, 

of  definition  will  be  inappreciable. 

The  following  table  gives  an  idea  of  the  value  of  c  and/ 

for  various  zenith-distances.     It  is  computed  with  Bessel's 

i  fractions. 


s 

c 

«  =  400" 

800" 

1200* 

1600* 

2000' 

2400' 

in 

0.24 

0.00 

0.01 

0.03 

0.05 

04)8 

0.12 

20 

0.49 

.01 

.03 

.06 

.11 

.17 

.-.'4 

30 

0.78 

.01 

.04 

.09 

.17 

.26 

.38 

40 

1.13 

.02 

.06 

.11 

..'I 

.38 

.55 

45 

1.85 

.02 

.07 

.16 

.•.".i 

.45 

.65 

50 

1.61 

.02 

.09 

.19 

.34 

.54 

.78 

55 

1.92 

.03 

.10 

.23 

.41 

.65 

0.93 

GO 

2.33 

.03 

.12 

.28 

..",(1 

.79 

1.14 

65 

2.88 

.04 

.15 

.35 

.62 

0.97 

.40 

70 

3.66 

0.05 

0.20 

0.44 

0.79 

1.24 

1.79 

It  is  unnecessary  to  indicate  the  obvious  and  simple  rae- 
ehanical  contrivances  by  which  this  method  may  lie  applied. 


SUXSPOT   OBSERVATIONS, 

MADE    AT    111  1     HAVERFORD   COLLEGE   OBSERVATORY   WITH   8-INCH   EQUATORIAL, 

Uy  \V.   II.  COLLINS. 


L892 

Tim. 

Grs 

Spots 

Grs 

lief,  and  Size 

1892 

Tim. 

Grs 

Spots. 

Fac 

(Jr- 

Def.  and  Size 

1892 

Tim. 

Grs 
6 

Spots 

Ka. 

Grs 

Def.  and  Size 

Jan.   l 

2 

5 

42 

ii 

bad 

Mar.  6 

10 

3 

22 

1 

fail- 

May  6 

10 

24 

0 

bad  ;  3  lar 

2 

1 

•"i 

49 

|| 

pom- 

7 

12 

1 

12 

1 

fair 

7 

9 

6 

31 

1 

poor :  3  lar 

3 

2 

7 

71 

1 

good  :  2  lai 

9 

10 

2 

32 

II 

faii- 

8 

9 

5 

21 

2 

fair  ;  1  Un- 

4 

9 

6 

56 

1 

fair  ;  3  lar 

11 

10 

3 

32 

1 

poor 

9 

9 

5 

16 

3 

fair  :  3  lar 

5 

11 

5 

46 

1 

poor  ;  2  lar 

12 

111 

4 

37 

1 

fail- 

10 

8 

7 

20 

1 

good  ;  3  Un- 

7 

9 

3 

26 

0 

poor  ;  1  lar 

14 

11 

4 

32 

(1 

poor 

11 

1 

4 

28 

2 

fair  :  2  Un- 

8 

10 

3 

in 

1 

g 1:2  lar 

15 

10 

3 

10 

II 

poor 

12 

3 

5 

28 

2 

fair  ;  1  lar 

9 

12 

3 

20 

0 

poor 

16 

1 

2 

8 

0 

bad 

13 

1 

5 

23 

0 

poor ;  2  lar 

16 

10 

6 

45 

0 

fair 

19 

10 

4 

35 

2 

good 

16 

11 

3 

34 

3 

poor ;  1  lar 

17 

10 

8 

34 

1 

bad 

20 

9 

5 

52 

2 

good ;  1  lar 

17 

9 

2 

43 

2 

fair ;  1  lar 

20 

3 

7 

48 

1 

fair  ;  1  lar 

21 

9 

7 

49 

3 

fair  :  1  lar 

18 

9 

3 

58 

2 

fair ;  2  lar 

21 

9 

7 

43 

1 

bad  ;  1  lar 

22 

9 

6 

49 

1 

poor ;  1  lar 

20 

9 

3 

18 

0 

poor 

22 

11 

9 

97 

2 

v.g.  ;  2  lar 

24 

9 

7' 

78 

1 

fair  ;  2  lar 

23 

9 

7 

48 

:' 

poor ;  2  lar 

23 

'J 

s 

81 

1 

fair  :  2  lar 

25 

9 

6 

65 

0 

fair ;  2  lar 

24 

10 

7 

57 

3 

fair:  3  Un- 

25 

10 

.". 

26 

1 

bad  :  2  lar 

28 

10 

8 

61 

2 

fail- 

25 

10 

7 

65 

3 

fair  ;  4  lar 

•>6 

1 

5 

19 

1 

bad  :  2  lar 

29 

11 

i: 

55 

1 

fair 

26 

9 

6 

73 

4     good  ;  2  lar. 

27 

10 

4 

17 

0 

poor  :  2  lar 

30 

10 

6 

25 

2 

poor 

27 

9 

7 

88 

2 

g 1  ;  4  lar 

28 

12 

4 

19 

2 

bad;  1  lar 

28 

9 

8 

100 

1 

poor ;  3 lar 

31 

10 

6 

49 

1 

fair  :  1  lar 

Apr.  1 

10 

5 

14 

3 

pool- :  l  lar 

29 

10 

7 

125 

1 

fail- 

3 

10 

5 

22 

1 

poor  ;  1  lar 

30 

11 

6 

135 

1 

good  :  2  Un- 

Feb. i 

11 

6 

11 

1 

fair  :  1  lar 

4 

10 

2 

2 

•-• 

bad  :  1  lar 

2 

3 

"i 

12 

ii 

bud 

6 

10 

5 

15 

5 

poor 

June  1 

9 

8 

106 

1 

fair  :  3  lar 

I 

!i 

6 

L'7 

0 

poor 

8 

9 

6 

27 

2 

fair :  3  lar 

2 

10 

7 

78 

1 

poor  :  3  lar 

5 

8 

6 

32 

0 

bad 

9 

9 

5 

18 

2 

fair;  3  lar 

3 

10 

5 

19 

1 

bad  ;  3  lar 

6 

10 

5 

19 

2 

pi  01 

10 

9 

5 

20 

1 

poor  :  1  Un- 

9 

3 

5 

23 

2 

poor 

8 

10 

4 

72 

1 

fair;  2  lar 

11 

9 

6 

35 

•_' 

fair  :  2  lar 

11 

in 

5 

31 

1 

poor 

9 

9 

3 

9  1 

3 

good  ;  3  lar 

12 

in 

7 

60 

1 

poor  ;  1  lar 

12 

9 

5 

32 

2 

poor  ;  2  Un- 

in 

10 

2 

80 

ii 

fair  :  3  lar 

13 

10 

5 

4  2 

1 

pom- :  1  lar 

13 

10 

7 

55 

2 

fair  :  2  Un- 

li 

2 

5 

171 

2 

:  2  lar 

15 

3 

4 

16 

1 

had  ;  1  lar 

14 

10 

6 

45 

1 

fair  ;  2  lar 

12 

5 

1 

59 

ii 

bad 

16 

9 

1 

27 

3 

poor  :  I  lar 

15 

10 

6 

35 

1 

poor ;  2 lar 

13 

10 

4 

89 

o 

bad;  3  lar 

19 

9 

5 

40 

•_> 

poor ;  1  lar 

16 

2 

5 

65 

1 

fair  ;  1  lar 

11 

10 

5 

1  15 

1 

good  ;  2  lar 

20 

10 

1 

60 

1 

fair  :  1  lar 

17 

10 

6 

92 

1 

good  ;  3 lar 

15 

LO 

7 

1 69 

0 

good  :  2  lar 

23 

10 

in 

193 

:; 

line 

18 

9 

6 

68 

0 

fair  ;  6  lar 

16 

11 

7 

121 

0 

poor  :  2  lar 

24 

9 

N 

194 

l 

fine  ;  4  lar 

19 

1 

4 

56 

1 

fair  :  2  Un- 

17 

in 

7 

97 

0 

poor ;  2  lar 

28 

10 

5 

37 

0 

bad 

20 

10 

7 

105 

4 

fair  :  5  lar 

18 

10 

9 

95 

1 

fair  :  1  lar 

29 

6 

6 

36 

1 

good  ;  2  lar 

21 

9 

7 

161 

2 

good  :  5  Un- 

19 

11 

9 

56 

1 

poor 

30 

9 

7 

36 

3 

good  ;  2  Un- 

22 

9 

7 

115 

1 

fair  :  8  lar 

22 

11 

.•i 

21 

0 

bad 

23 

1 

5 

31 

1 

bad 

23 

2 

4 

14 

0 

poor 

May   1 

9 

5 

32 

2 

fair  ;  3  lar 

24 

9 

6 

50 

1 

poor  ;  2  lar 

27 

9 

2 

s 

1 

poor 

2 

9 

7 

46 

1 

poor  :  4  lar 

25 

11 

5 

46 

0 

bad  :  1  Un- 

3 

9 

6 

79 

1 

fair : 4 lar 

26 

10 

6 

34 

3 

fair  ;  1  lar 

Mar.  3 

10 

3 

18 

2 

fair 

4 

10 

7 

35 

1 

bad  :  5  lar 

27 

11 

4 

18 

0 

poor 

4 

10 

4 

17 

1 

fair 

5 

10 

8 

35 

1 

poor  :  4  lar 
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SUXSPOT  OBSERVATIONS, 

MADE  AT   PHILADELPHIA,    PENN.,    WITH   A   4.5-INCB    REFRACTOE, 

By  a.  w.  quimbt. 


.\ 

ew 

I 

otal 

Fac. 

N 

(;\v 

Total 

Fac. 

1892 
Jan.  1 

Time 

Grs. 

Sps. 

Grs. 

Sps. 

Grs. 

Def. 

1892 

Time 

Grs. 

Sps. 

Grs. 

Grs. 

Di  r. 

2 

5 

44 

poor 

Mar.  1 1 

9 

2 

35 

- 

2 

1 

_ 

_ 

5 

83 

3 

poor 

12 

8 

2 

2 

5 

73 

3 

fair 

3 

2 

- 

_ 

5 

43 

3 

poor 

13 

9 

_ 

3 

31 

v.  poor 

4 

10 

- 

_ 

4 

44 

3 

poor 

14 

9 

2 

2 

5 

34 

_ 

poor 

5 

11 

1 

3 

5 

37 

3 

poor 

15 

9 

_ 

6 

23 

5 

poor 

7 

11 

1 

4 

4 

34 

4 

fair 

16 

1 

6 

17 

5 

poor 

8 

1 

_ 

_ 

3 

26 

2 

LiO'lll 

17 

9 

1 

_ 

2 

_ 

_ 

v.  poor 

9 

2 

_ 

_ 

3 

22 

2 

fair 

19 

3 

1 

3 

4 

41 

5 

fair 

13 

10 

1 

1 

2 

2 

v.  poor 

20 

9 

1 

3 

5 

41 

6 

g 1 

14 

2 

2 

6 

4 

14 

poor 

21 

10 

1 

1 

6 

49 

5 

fail- 

15 

11 

_ 

_ 

3 

_ 

_ 

v.  poor 

22 

10 

_ 

6 

71) 

7 

fair 

16 

10 

2 

_ 

6 

58 

3 

fair 

24 

9 

1 

7 

7 

109 

4 

good 

17 

1 

1 

2 

7 

101 

3 

good 

25 

9 

_ 

6 

114 

4 

good 

20 

11 

1 

_ 

8 

58 

0 

fair 

26 

10 

8 

64 

1 

poor 

21 

9 

_ 

8 

48 

4 

fair 

28 

10 

1 

3 

7 

57 

4 

faii- 

22 

12 

2 

_ 

9 

64 

4 

fair 

29 

10 

7 

44 

7 

fair 

23 

12 

_ 

_ 

7 

48 

4 

fait- 

30 

10 

1 

1 

6 

29 

4 

poor 

24 

1 

_ 

_ 

6 

27 

3 

poor 

Apr.  1 

9 

1 

_ 

4 

16 

2 

poor 

25 

12 

_ 

_ 

6 

36 

3 

fair 

2 

9 

_ 

3 

11 

3 

poor 

26 

9 

_• 

_ 

5 

19 

3 

poor 

3 

9 

_ 

3 

21 

2 

fail- 

27 

10 

_ 

_ 

4 

9 

3 

poor 

4 

10 

3 

7 

2 

fair 

28 

9 

_ 

_ 

4 

7 

3 

poor 

5 

7 

1 

1 

4 

8 

v.  poor 

30 

9 

4 

9 

6 

15 

4 

poor 

6 

10 

_ 

5 

14 

I 

poor 

31 

9 

2 

6 

9 

25 

5 

fair 

8 

9 

_ 

4 

21 

6 

1 r 

Feb.  1 

10 

_ 

_ 

6 

25 

3 

poor 

9 

1 

_ 

_ 

3 

8 

3 

poor 

2 

3 

- 

_ 

6 

31 

- 

poor 

10 

9 

2 

3 

5 

11 

3 

poor 

3 

3 

_ 

_ 

3 

27 

6 

poor 

11 

9 

_ 

_ 

5 

16 

3 

poor 

4 

9 

1 

4 

4 

37 

4 

fair 

12 

9 

1 

7 

6 

3 

poor 

5 

5 

1 

15 

6 

35 

_ 

poor 

13 

8 

_ 

5 

44 

1 

fail- 

6 

9 

1 

5 

5 

41 

3 

poor 

1  1 

8 

_ 

1 

_ 

7 

8 

.. 

_ 

1 

11 

_ 

v.  poor 

15 

8 

1 

7 

5 

21 

fair 

8 

10 

_ 

_ 

4 

191 

5 

good 

16 

8 

_ 

3 

20 

4 

good 

9 

10 

_ 

_ 

4 

186 

4 

pool' 

17 

2 

1 

9 

1 

35 

4 

poor 

10 

10 

1 

2 

2 

121 

3 

poor 

19 

8 

_ 

_ 

5 

77 

1 

fair 

11 

5 

1 

7 

4 

191 

3 

poor 

20 

8 

_ 

l 

76 

3 

poor 

12 

12 

_ 

_ 

1 

1  73 

3 

poor 

23 

7 

5 

10 

278 

2 

fail- 

13 

10 

1 

.7 

7 

103 

4 

poor 

24 

8 

1 

10 

3 1 3 

5 

fair 

1  1 

10 

1 

1 

8 

221 

3 

fair 

25 

10 

- 

150 

15 

10 

1 

3 

9 

176 

3 

fail- 

26 

8 

•"' 

2 1 5 

4 

fail- 

16 

9 

_ 

_ 

9 

85 

2 

poor 

27 

v 

1 

5 

99 

1 

fair 

17 

10 

_ 

_ 

9 

7, 

3 

28 

8 

1 

_ 

6 

4  7 

; 

18 

9 

1 

1 

9 

L02 

2 

fair 

29 

6 

1 

7 

19 

9 

1 

1 

9 

37 

2 

v.  poor 

. 

1 

8 

faii- 

22 

12 

_ 

_ 

5 

35 

3 

May   1 

9 

_ 

_ 

6 

25 

fair 

23 

3 

1 

1 

1 

36 

1 

poor 

2 

- 

_ 

_ 

- 

82 

24 

12 

_ 

1 

17 

3 

- 

_ 

_ 

7 

1 28 

25 

12 

_ 

2 

5 

2 

v.  poor 

4  ' 

8 

1 

_ 

- 

- 

fail- 

26 

12 

1 

1 

2 

9 

3 

5 

. 

_ 

_ 

7 

fair 

27 

12 

_ 

_ 

2 

7 

2 

poor 

6 

7 

_ 

_ 

6 

S 

2 

.Mar.  3 

111 

1 

2 

3 

15 

2 

poor 

7 

7 

- 

_ 

6 

1 

11 

2 

3 

1 

20 

5 

fair 

8 

8 

1 

. 

4 

5 

12 

- 

_ 

2 

5 

_ 

v.  poor 

9 

8 

- 

. 

5 

15 

7 

9 

_ 

_ 

3 

21 

11 

fair 

10 

- 

2 

9 

7 

15 

1 

8 

5 

_ 

_ 

1 

_ 

_ 

11 

8 

_ 

1 

faii- 

9 

7 

1 

1 

2 

21 

poor 

12 

10 

1 

1 

1 

fair 

10 

7 

- 

2 

56 

poor 

13 

p 

5 

42 

54 
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Xr\\ 

Total 

1m.. 

N.   H 

Total 

1892 

Time 

Grs. 

Sps. 

Grs. 

Sps. 

Gre 

Def. 

1892 

Time 

Grs. 

Sps. 

Grs 

Sps. 

Grs. 

Def. 

M:iv  l.'i 

8 

4 

51 

2 

faii- 

.1  llllr    9 

2 

1 

1 

•') 

21 

2 

poor 

16 

8 

_ 

4 

58 

4 

fair 

10 

3 

. 

_ 

0 

:;:; 

2 

1  •«  >> » i 

17 

7 

3 

76 

2 

g 1 

11 

< 

_ 

_ 

6 

51 

3 

fair 

18 

8 

3 

1 

37 

_ 

poor 

12 

•> 

_ 

_ 

0 

47 

3 

fair 

20 

8 

_ 

0 

27 

2 

poor 

IS 

i 

0 

9 

9 

37 

3 

fair 

21 

12 

_ 

3 

13 

_ 

v.  poor 

11 

t 

_ 

_ 

9 

26 

2 

|  »><>!■ 

22 

i 

_ 

4 

57 

- 

poor 

1.", 

i 

_ 

_ 

9 

:;i 

3 

poor 

23 

10 

_ 

1 

53 

2 

poor 

16 

:; 

_ 

_ 

8 

43 

2 

faii- 

24 

8 

1 

119 

4 

fair 

17 

1(1 

_ 

_ 

9 

111 

3 

fair 

25 

8 

_ 

7 

86 

4 

fair 

l.s 

7 

2 

3 

12 

104 

3 

poor 

26 

8 

_ 

6 

82 

4 

fair 

19 

4 

_ 

_ 

9 

111 

2 

poor 

27 

9 

_ 

8 

104 

3 

poor 

20 

i 

_ 

_ 

8 

99 

4 

pool- 

28 

7 

_ 

i 

73 

2 

poor 

21 

_ 

_ 

_ 

i 

71 

4 

fair 

29 

8 

IN 

2 

7 

101 

3 

faii- 

22 

i 

1 

_ 

9 

77 

2 

faii- 

30 

8 

_ 

0 

120 

_ 

poor 

2:; 

i 

1 

- 

i 

47 

3 

poor 

31 

10 

_ 

5 

123 

2 

faii- 

21 

7 

_ 

_ 

8 

39 

2 

poor 

June  1 

7 

1 

2 

7 

152 

_ 

fair 

25 

7 

_ 

_ 

6 

33 

1 

poor 

2 

8 

_ 

7 

71 

3 

fair 

26 

8 

2 

_ 

9 

37 

2 

poor 

3 

9 

_ 

4 

38 

_ 

poor 

27 

8 

_ 

_ 

0 

28 

1 

poor 

0 

8 

_ 

5 

10 

_ 

pool- 

28 

2 

1 

_ 

0 

23 

2 

faii- 

6 

8 

1 

5 

12 

3 

poor 

29 

8 

_ 

_ 

4 

12 

4 

poor 

7 

8 

1 

4 

6 

2 

poor 

30 

8 

_ 

_ 

3 

10 

0 

fair 

8 

8 

- 

- 

0 

8 

3 

poor 

OBSERVATIONS  OF   COMETS, 

made  at  thk.  r.s.  naval  observatory  with  the  9-inch  equatorial, 
By  Prof.  E.  FIUSBY. 

[Communicated  by  the  Superintendent.] 


1892  Washington  M.T. 

* 

No. 
Comp. 

Ja                 JS 

ci/'s  apparent 
a                         8 

logpA 

for  a       1     ford 

Gomet  b  1892  (Periodic  of  Winnecke). 

June  15     11     0  39.7 
17     11    19  54.5 
25     11  32     3.5 
29       9   19  16.0 

1 
2 
3 
4 

20  ,  4      +1   40.2i) 
20  ,.4      +1    21.59 
10  .  2      -3     9.75 
15  ,  3      —3  40.41 

—0  32.4 
—6  37.4 
—0     8.3 
—3  25.7 

10   19  35.56 

10  11    19.82 

9  22   11.30 

8  44  31.94 

+  41     0  48.5 
+  40  28  27.1 
+  36  48  55.3 
+  33     5  58.4 

9.770      0.668 

9.768       0.723 

9.726       0.770 

n9.519       0.760 

Comet  a  1892  (Swift). 

June  15     11     9  52.8 
17     11   54  28.8 
29     10     6  50.2 

5 

6 

7 

5  ,  1 
13  ,  3 
15  ,  3 

—1   56.74 
—0     4.78 
—3  47.43 

+  0  34.5 
+  0  53.8 
+  1  34.5 

0  22  45.12 
0  26   1  4.72 
0  43  56.38 

+  42  32  50.2 
+  43     7  43.2 
+  46   17     2.2 

n9.762      0.765 
x9.791      0.691 
«9.758      0.803 

Mean  Places  for  1892.0  of  Comparison- Stars. 

Red.  to 

8 

Red.  to      1                                                       . 

* 

a 

app.  place 

app.  place                                         .Authority 

1 

10  17  54.86 

+G\44 

+  41      1    10.2 

+  10.7 

Bonn  VI,  41° 2082 

2 

10     9  57.88 

+  0.35 

+  40  34  53.9 

+  10.6 

Weisse-Bessel  X,  153 

3 

9  25  21.03 

+  0.02 

+  36  48  54.4 

+   9.2 

Bonn  VI,  36° 1970 

4 

8  48  18.51 

—0.16 

+  33     9   15.9 

+   8.2 

Leiden  Zones,  16,47;   1C5 

96 

5 

0  24  41.86 

0.00 

+  42  32  24.9 

—  9.2 

Bonn  VI,  42°  89 

6 

0  26  19.62 

—0.12 

+  43     6  58.5 

—  9.1 

Bonn  VI,  42°  96 

7 

0  47  43.48 

+  0.33 

+  46  15  35.3 

—  7.6 

Bonn  VI,  46° 193 
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THE    NEW    BINART 

B-s    8.   W.  Bl  RNHAM 

In  1878,  when  observing  with  the  18^-inch  refractor  of 
the  Dearborn  Observatory,  I  found  that  the  principal 
star  of  the  wide  pair  observed  by  South  and  Herschel  in 
1823  was  a  close  double.  In  1874  I  had  detected  with  the 
Washington  26-inch  a  very  faiut  companion  to  the  smaller 
component  of  the  wide  pair,  but  did  not  notice  the  close 
pair.  The  motion  seems  to  be  very  rapid,  and  this  may  ex- 
plain my  failure  to  see  it  with  the  more  powerful  instrument. 
Last  year  (1891)  there  was  no  certain  elongation  witli  the 
12-inch  of  the  Lick  Observatory,  and  more  recent  examina- 
tion with  the  36-inch  shows  that  this  star  is  absolutely 
round,  with  all  powers  under  favorable  conditions.  It  is 
clearly  a  binary  of  short  period,  but  unfortunately  we  have 
but  two  sets  of  measures,  and  these  are  insufficient  to  give 
any  idea  of  the  probable  period. 

The  following  is  a  complete  list  of  all  the  measures  of  the 
several  components : 

4akd£  (p!  639). 

155°.3        0*57  7.2  .  .  7 

137.9        0.35  7.5  .  .  't 

Single,  12-inch  .  . 

Single,  36-iuch  .  . 


^639, 


1*91.65        325.5 


C   AM.    /' 

8.30  .    .    13.5 

A,  £  ano  C  (Sh.264    . 


Burnham       2n 


1823.45 

52.6 

16.42 

7 

.  8 

Herschel 

In 

1*62.72 

51.5 

16.83 

7.2  . 

.  8.7 

Hall 

In 

1877.60 

52.2 

17.37 

7.2  . 

.  8.0 

Cincinnati 

2n 

1878.66 

51.7 

17.30 

.  8.0 

Burnliam 

2n 

1879.27 

51.4 

17.40 

6.0  . 

.  8.0 

Cincinnati 

In 

1883.2!) 

51.3 

17.15 

.  8.0 

Schiaparell 

3d 

1890.50 

51.2 

17.67 

7.2 

7.7 

Glasenapp 

■j- 

1891.65 

52.4 

17.21 

7.1  . 

.  7.7 

Burnliam 

2*i 

1878.66 
1883.12 
1891.65 
1892.36 


Burnham 
Schiaparelli 

Burnliam 
Burnham 


2n 


There  has  been  no  material  change  in  the  relative  po- 
sitions of  the  bright  stars.  The  principal  component  is 
Lalaude  33642.  Both  stars  are  given  in  the  Argentine 
Catalogue,  the  respective  magnitudes  being  7}  and  8.  They 
probably  form  only  an  optical  pair.  The  star-catalogues  do 
not  give  any  proper  motion.  The  close  pair  should  be 
watched  until  it  becomes  again  measurable.  The  secondary 
will  then  be  probably  in  the  first  quadrant. 


OCCULTATIOX  OF   MAES,   1892  JULY  11, 

By  A.  HALL. 
[Communicated  by  Capt.  F.  V.  McXaii;.  Superintendent.] 

The  preceding  observations  were  made  with  the  9.6-inch 
equatorial,  power  132.  The  observations  were  made  through 
openings  in  the  clouds,  and  on  account  of  the  misty  condition 
of  the  sky  nothing  could  be  inferred  concerning  an  atmos- 
phere of  the  planet. 

il  Observatory,  1892  July  12. 


Phase 

Washington  M.T. 

Remarks 

First  contact 
Second     •• 
Third       » 
Fourth     " 

1 1  '   3"   58S. 5 

1 1  4     59.5 

12  7     56.5 
12     9       5.5 

fair,  thin  clouds 
fair,  thin  clouds 
uncertain,  cloudy 

fair 

NUMERATION    OF 

An  excellent  arrangement  has  been  agreed  upon  for 
avoiding  confusion  in  the  numeration  of  asteroids  which 
may  hereafter  be  discovered.  Professor  Kroegeb  will  as- 
sign to  them  a  provisional  notation  (1892  .1.  B,  C,  etc.) 
arranged  in  the  order  of  their  announcement  to  the  "  Tele- 
graphiscke  ( 'entral-Sti  lie  "  ;  and  tin-  definite  numeration  will 
lie  subsequently  undertaken  by  Prof .  Tietjen  ;  Director  of 
the  Rechen-Institut  in  Berlin.     In  this  definite  assignment  of 


THE   ASTEROIDS. 

numbers,  those  planets  will  be  omitted  for  which  sufficient 

material  is  not  available  for  a  determination  of  the  orbits. 

All  danger  of  confusion  appears  to  be  avoided  by  this 
arrangement ;  and  even  those  asteroids,  which,  for  want  of 
sufficient  observations,  may  fail  of  receiving  numbers  at  first, 
will  always  lie  easilj  recognizable  by  their  letters  in  the  an- 
nual 'series.  It  can  scarcely  be  doubted  that  this  solution 
of  the  existing  embarrassment  will  receive  general  acceptance. 


NEW    ASTRONOMICAL    WORKS. 


Der  Broreen'sche   Comet.     1.  Theil.     /'«   Verbindung 
ungen    isv.'i    und    1S7!>  and  du     Voraiuberechnung  fttr  1S90. 
Vmi  Prof.  Dr.  E.  Lamp.     Kiel,  L892.     68pp.  ito. 
This  memoir  forms  part  VI I  of  the  publications  of  the  CI 
Bervatory.    The  comet  of  which  it  treats  Is,  for  various  reasons, 
one  of  the  most  Interesting  of  the  short-period  class,  and  tui 


one  of  the  most  puzzling  problems,  yet  unsolved,  in  this  branch  of 
astronomy.     Although  its  rediscovery  in  1884  and  16 
talnly  expected,  an  earnest  search  for  it  by  many  0 
under  very  favorable  circumstances  on  the  latter  occasion,  was  un- 
successful.    The  present  publication  Of  the  details  of  LAMP'S  in- 
itlons  seems  t<>  -how  that  tin-  reason  for  the  failure  d 
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lie  in  the  accuracy  ol  bis  elements,  and  leads na  to  suspect  the  exist- 
ence of  some  cause  the  ected  with  the  comet  itself. 

( Irlglnally  discovered  In  1846,  the  return  In  1851  went  unobserved. 
When  accidentally  rediscovered  in  is.",:,  it  was  found  that  errors  In 
the  calculation  of  the  elements  and  perturbations  bad  falsified  the 
orbit  A  new  computation  by  Bit!  nss  led  to  Its  being  refound  by 
him  in  1868.  The  orbit  was  then  brought  forward  to  1878  by 
1'i.t'MMi  r,  and  also  bj  Schi  lze,  and  by  the  latter  to  1879,  on  both 
of  which  occasions  it  was  observed.  8<  at  i  zi .  however,  found  it 
Impossible  to  reconcile  the  discordances  in  the  times  of  revolution 
given  by  the  three  last  appearances;  but,  notwithstanding  that  bis 
orbit,  on  which  Hind's  finding  ephemerls  for  1884  was  based,  proves 
t"  have  been  reasonably  correct,  according  to  Lamp's  present  re- 
sults, the  comet  eluded  observation  at  that  return. 

Dr.  Lamp's  work  began  In  1889.  His  experience,  in  the  attempt 
to  unite  the  three  appearances,  was  like  thai  oJ  S<  m  i/i  ;  and  a 
repetition  of  t  lie  latter's  calculation  by  bim,  with  an  arbitrary 
change  in  the  mean  motion,  showed  no  marked  correction  of 
Schulzk'8  results.  Uniting  the  1878  and  1879  appearances,  and 
carrying  the  perturbations  by  Jupiter  and  Saturn  to  1890,  he  pro- 
li.lrcl  a  finding  cplieineris  for  thai  return:  hut  again  the  comet 
could  not  he  seen. 

Must  we  then  assume  that  the  comet  had  dissolved  and  disap- 
peared? Or  was  Lamp's  calculation  incorrect?  Or  did  the-trouble 
arise  from  an  intensified  variation  of  the  intrinsic  brightness,  like 
what  had  characterized  it  on  previous  occasions?  in  this  connec- 
tion some  peculiarities  of  the  orbit  are  to  be  noticed,  principally  its 
proximity,  at  ascending  node,  to  Venue's  orbit,  and  at  descending 
noilc  to  that  of  Jupiter.  As  is  known  from  HaRZER'S  work,  the 
comet  had.  iii  1842,  come  within  0.05  of  Jupiter,  and  been  thrown 
Into  its  present  orbit.  Lamp  shows,  also,  that  the  orbit  approaches 
very  closelj  to  those  of  the  asteroids  //./..'.  lli-spirin  and  Art'-7iii.t. 
hut  he  thinks  we  must  look  first  to  other  possible  causes  for  the 
explanation  of  the  discordances  in  the  times  of  revolution.  After 
presenting  considerations  as  to  the  possible  effect  of  a  resisting 
medium,  and  also  with  regard  to  the  comet's  remarkable  variations 
in  brightness  and  dimensions,  he  concludes  that  we  have  no  means, 
froni  any  observable  relations  of  the  so-called  theoretical  bright- 
ness will,  the  actual  brightness,  for  inferring  any  explanation  of  the 
comet's  nonvisiliility  in  1890. 

The  discussion  of  the  orbit  from  the  observations  of  187.°.  and 
1879  is  then  presented.  The  perturbations  for  the  appearance  of 
1879  were  computed,  for  the  rectangular  coordinates,  taking  ac- 
count only  of  Venus,  Earth  and  Jupiter,  the  action  of  the  other 
planets  being  unimportant.  Between  1873  and  1879  the  method  of 
variation  of  constants  was  used,  for  the  especial  advantage  of  more 
convenient  comparison  with  Schulze's  work:  Mars,  Saturn  and 
Mercury  being  also  included,  the  last  in  part  directly,  in  part  by 
reference  to  its  common  center  of  gravity  with  the  sun.  With  the 
resulting  elements  for   1873  and    1S79,  and  the  perturbations  of 


Jupiter  and  Saturn  brought  forward  to  1890,  tie-  differential  co- 
efflclents  being  developed  according  to  the  true  anomaly  instead  of 
the  time,  and  the  computation  controlled  by  a  direct  calculation  for 
those  of  Jupiter)  the  definitive  elements  tor  the  unobserved  returns 

of  1884  and  1891  are  established,  a  comparison  of  these  with  Hie 
finding  ephemerides  used  on  those  occasions  shows  that  the  failure 

iii  seeing  the  comet,  especially  in  the  latter  year,  when  the  circum- 
stances were  fa\  orable,  cannot  be  attributed  to  error  of  calculation. 
The  problem  of  nonvislbillty  therefore  remains  an  unsolved  on,.. 


The  Rutherford  Photographic  Measures  of  the  Group  o)        i 
by  Harold  Jacobt.     New  York,  1892.    92pp.  8 vo. 

This  memoir  constitutes  No.  ;;  of  the  Contributions  from  the  Ob- 
servatory of  Columbia  College,  and  contains  the  reduction  of  Rl  iii- 
krfdrd'8  photographs  of  the  Pleiades,  made  in  1872  and  1874.  Tin: 
series  comprises  ten  plates,  each  having  a  double  impression,  so  that 
there  are  in  general  twenty  position  angles  and  distances  of  each 
of  the  7".  stars  measured.  The  division  errors  of  the  scale  of  the 
measuring  apparatus  were  determined  by  Prof.  \V.  A.  RoGRRS,  pre- 
vioii,  to  the  reductions.  The  scale-value  was  made  to  depend  on 
I'.i  -I  i ,'S  and  El, kin's  helioineter measures  of  six  moderately  bright 

stars  of  the  group,  symmetrically  situated  in  direction  from  24 p, 
the  central  star,  and  widely  distant,  but  not  too  near  the  edge  of 
the  plates. 
The  last  of  the  nine  sections  of  the  paper  srives  a  comparison  of 

the  results  with  the  Konigsberg  and  Yale  helii ster  values  in  the 

form  of  differences  of  right-ascension  and  declination.  The  high 
degree  of  accuracy  attainable  by  the  photographic  method  is  thus 
favorably  shown.  The  photographic  measures  appear  to  accord 
with  those  of  the  heliometer  as  Well  as  the  latter  do  anion::  them- 
selves.  This  precision  gives  Battering  promise  of  highly  valuable 
results  to  astronomy  from  the  reduction  of  the  plates  pertaining  to 
the  large  number  of  other  clusters  photographed  by  the  lamented 
RUTHERFURD.  All  of  these  plates  have,  it  is  believed,  been  placed 
in  the  hands  of  the  Director,  Prof.  J.  K.  Rees,  for  similar  treat- 
ment. 


Mesures  D'Etoiles  Doubles  faites  •'<  Hoursoufpar  Prof.  S.  de  Glase- 
napp.     St.  Petersbourg,  1892.     G8  pp.  8vo. 

These  observations  are  the  results  of  an  expedition  to  the  south- 
ern part  of  Russia,  near  Jalta,  on  the  Black  Sea,  in  1890,  for  the 
purpose  of  making  measures  of  southern  binaries,  inaccessible  at 
St.  Petersbourg,  and  of  which  measures  were  much  needed.  The 
instrument  used  was  by  the  Repsolds,  of  160mm  aperture,  the 
power  habitually  employed  being  267.  The  measurements  comprise 
435  pairs,  i,esi,|es  the  cluster  25 M Sagittarii.  In  general  two 
measurements  were  made  of  each  pair,  in  both  positions  of  the 
telescope  with  reference  to  the  axis. 


CORRIGENDA. 


No.  268,  p.  30,  £/a.  May  28. 

Apparent  «,    for    23  40  13.45,    put    23  40  13.09 
*1     Heel,  to  app.  place,    for    —0.02    put    —0  38 
No.  209,  p.  37,  col.  1.     The  following  paragraph  should  be  inserted 
after  equation  (3)  :  — 
Now  for  equivalent  diameters  of  the  images  formed  by  two  dif- 
ferent telescopes,  whose  apertures  are  Q0  and  nQ0,  the  difference 


between  equations  (2)  and  (3)   for  the  same  t  will  be  a  constant 
whose  value  is  given  by  the  equation 

m'„  —  m'0  =  5  loir  n  (4) 

consequently  m'„    =  n»'0 -f- 5  log  tl  (5) 

No.  270,  p.  43,  col.  1.  >  Tauri  October  25.  Least  observed  light, 
for  4M.23  put  4M.13.  The  times  of  equal  light  given  were 
for  4«.0,  4*.05,  and  4M.10. 
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Before  going  furthei"  with  the  discussion  of  the  results,* 
it  comes  more  conveniently  in  order,  to  present  the  details 
for  the  forty-live  series  of  Table  I,  :is  promised  on  p.  17. 
To  save  repetition  I  must  refer  to  Vol.  XI.  pp.  66-70,  for 
explanation  and  illustration  of  the  manner  of  arranging  the 
data  for  solution,  and  to  no.  '267,  pp.  17  and  18,  for  the  form- 
ulas and  method  of  solution  employed.  Some  further  gen- 
eral explanation  is  also  required. 

In  beginning  the  computations  it  was  intended  to  reduce 
everything  to  Nyren's  aberration-constant,  20". 495,  a-  the 
one  now  generally  accepted.  Afterwards  a  doubt  arose  in 
my  mind  (see  XI, p. 69),  which  subsequent  investigation 
lias  tended  to  confirm,  whether  Strdve's  value  is  not  more 
nearly  correct,  and  I  accordingly  reverted  to  the  latter,  in 
all  series  subsequently  treated.  This  slight  want  of  uni- 
formity in  the  basis  of  discussion  i^.  however,  of  slighl 
consequence,  as  the  elements  of  the  latitude-variation  de- 
duced from  most  of  the  series  arc  not  much  dependent  on 
tin-  particular  value  of  the  aberration-constani  us<  '1. 

There  is  also  a  want  of  uniformity  in  the  values  of  0  as- 
sumed in  the  different  scries.     This  was  unavoidable,  from 

the  nature  of  I  lie  ease.  Thus,  in  the  beginning,  while  1  was 
at  work  on  the  interval  1860-1890,  the  value  0°.843  was 
used,  corresponding  to  P=:427d.  But  as  soon  as  the  fact 
of  the  lengthening  of  the  period  became  manifest,  I  adopted, 
in  the  subsequent  discussions,  various  values,  correspond- 
ing to  the  epochs  as    nearly  as   I  could    at    thai    time  eticss  at 

the  law  of  the  variation.     Here  also,  however,  as  in  tin 
of  the  aberration-constant,  the  effeel  of   errors  in  the  as- 
sumed values  is  in  general  unimportant,  as  regards  the  values 
of  ?•  and   7"  found  from  the  solutions.     Wherever  I    bad 

reason  to  Suppose  that   this  was    not    the   case,  new   ~.  >hit  ioiis 


'  When  iiiis  discussion  is  resumed,  in  the  article  following  this 

ii  will  he  seen  that   I  have  examine. i  the  top  u  bj 

Prof.  Nbwcomb  in  no.271,  ami  that  what  appears  to  me  a  com- 
pletely satisfactory  answer  is  afforded  to  the  objections  raised  by  him. 
Notwithstanding  Its  conflict  with  theory,  the  variation  oJ  tin 

seems  t to  be  as  well  proved  as  the  existence  of  the  127-term 

Itself. 


were  made.     Entire  consistency  in  this  particular  was  uol 
sought  after,  since  a  definitive  investigation  would  require 

other  changes  ami  additions,  and  at  this  Stage  it  was  no!  de- 
sirable to  spend  too  much  time  upon  merely  subordinate 
ions. 
In  the  t:  hies  which  follow,  the  first  two  columns  contain 
the  calendar  dales,  and  tile  last  four  places  of  tin-  corre- 
sponding Julian  dates,  of  tin    groups  in  each  series,  after 

tie    observations  had  b< :ollected  from  the   autbi 

corrected  as  described  in  the  special  explanations  aceompany- 
i  h  scries  below,  and  arranged  within  the  limits  of  one 
period,  as  exempli  tied  in  the  Pulkowa  observations,  A.J.  XI. 
p.  66-68 ;  where  the  process  is  described  fully.  To  s:,\e 
printing,  the  values  I  li  rived  directly  fri  n 
\aieiiis  are  no!  given  ;  but  in  their  stead,  these  values  after 
subtracting  the  cot  .  x,  of  the  arbitrary  as- 

sumed   mean   latitude,     c'...      This    value   of      lc     is   ;: 
given  in   the   fourth   column.  <>.  of  the  tables  In-low.      From 
it   is  the  quantity    » — x  =  y  —  c-„.     The  values  of 
a  used  in  the  solutions  can  therefore  I"-  reproduced,  if  de- 
sired, by  adding  the  values  of  x  given  at   the  fool  of  each 

-eies.   to  the  cad  II  m  n  I  >.       Thus  in  series   W  II.  foi   I  \  a  in  pie. 

!■'     tdding   *= — 0".01    to  the  fourth  column,  we  get  the 
values  given    in   column  12  on  p.  66,  Vol. XI.      The  fifth 

column.  ('.  contains  the  value  computed  from  the  equation 
in  the  last   Line,  firsl  column  of  p.  18,  and  7"  as  in 

Table    I.   and   the   assumed   value   of   0   hereunder  given   for 
each     scries.      The    sixth    column.    (".    gives    the    computed 

values  according  to  the  general  law  »f  equation  (2 

and  (I). 

Following  the  above  described  quantities  for  each  - 
are    the    normal    equations    formed    from    the   observation- 
equations  according  to  eq.  (9).     At  the  right  of  these,  aftei 

the   vertical    rule,   ate    the    resultant    values  and  a. 

These    value-,    h\     eq.   (10)    and    (7),    give    the    .'    ami 

1  n  general  the  equations  "(  each  equal 

weight;  but,  where  the  number  of   observations 
unequal,    tiny  were   weighted   as  indicated  in   parei 
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added  to 

the  third 

column,  which  contains  the  nun 

observations. 

I  .        (    :■(  t  iin\    ,'/   / 

flex  Zenitl 

-  Tubi  Obst  rvationsof 

Draeon- 

is.  is:;  7- 

is.     <  From  Main's 

iaper  in  the 

1/ ii 

B.A.S., 

XXIV.) 

Reduced  i<>  Ni  \\\  n's 

aberration-constant . 

Assumed 

0  =  0°. 986;   T\  = 

2398880. 

1812 

t 

Obs. 

0 

C 

C" 

Jan.    l."> 

8851 

2  1 

t  0.07 

—0.51 

— ul'l 

Feb.    11 

8881 

8 

—1.07 

—  .57 

—   .16 

Mar.   15 

8910 

37 

—0.80 

—   .49 

—   .08 

Apr.    15 

:;:>li 

68 

—  .17 

—   .27 

+    .04 

May    15 

:;:t:i 

55 

—  .08 

+    .(11 

+    .12 

June    15 

4002 

87 

+    .61 

+  .:;n 

+    .20 

July    15 

4082 

85 

+    .57 

■1     .50 

+    .22 

Ann-.      If) 

4063 

L26 

+    .55 

+    .57 

+    .17 

Sept.  1"> 

4094 

86 

+    .15 

!     .48 

+    .09 

Oct.       1.". 

1 1  24 

36 

—   .-20 

+    .27 

—  .01 

Nov.    1.") 

4155 

35 

—  .01 

—  .02 

—  .12 

Dec.    15 

4185 

42 

+  0.03 

—0.30 

—0.20 

1 2     a; 

—  II. HI  V 

+  0.072 

=   +2.23 

x  = 

+  0.189 

-    0.01 

+  5.97 

+  o.n;; 

=  +0.06 

.'/  = 

+0.013 

+  0.07 

+  0.03 

+  6.01 

=  —3.40 

z  = 

—0.568 

II.  Snavic's  Prime- Vertical  Observations,  1840-44.  This 
is  one  of  the  two  exceptions  mentioned  on  p.  17,  for  which 
the  treatment  wns  not  entirely  homogeneous  with  that  of  the 
others.  The  values  of  r  and  T'  on  p.  18  were  derived,  not 
by  a  least-square  solution  in  this  case,  but  by  a  graphical 
treatment  of  five  of  the  seven  stars  (b Draconis and  2  //  <  '•  ph  i 
nol  used)  ;  pending  a  definitive  discussion  not  yet  com- 
pleted. 
18*1-2 


Sept.  22 

Oct.  18 

Nov.  2;; 

Jan.  9 

Feb.  23 

Apr.  6 

May  2 

Juue  5 

July  1 

Aim-.  12 


t 

3736 
3762 
3798 
3845 
3890 
3932 
3958 
3992 
1018 
4060 


22 
29 
15 
23 
17 
18 
28 
34 
56 
28 


O 
+  0.07 


+ 


+ 


.10 
.01 
.04 
.07 
.14 
.03 


—  .03 

+    .05 
+  0.04 


+  0.08 
+  .07 
+    .03 

—  .03 

—  .08 

—  .07 

—  .05 

—  .01 
+  .03 
+  0.06 


C 

+  0T3 

+    .(U 

—  .08 

—  .20 

—  .20 

—  .11 

—  .03 
+  .10 
+  .17 
+  0.21 


III.  Radcliffe  Meridian- Circle  Observations  of  Polaris, 
1840-44.  (From  the  annual  volumes.)  Reflected  observa- 
tions not  used.     Assumed  0  =  0°.960  ;   7"„  =  2394200. 


1842 

t 

Obs. 

O 

C 

C" 

Jan.      6 

3842 

36 

—0.27 

—0.02 

—0.22 

Mar.     7 

3902 

4  2 

+    .38 

+    .17 

—   .12 

Apr.    15 

394  1 

18 

+    .36 

+    .21 

+    .04 

May    15 

3971 

41 

+    .05 

+    .18 

+    .13 

Juue   15 

1002 

26 

—  .02 

+    .11 

+    .20 

Sept.  15 

1094 

31 

+   .05 

—  .18 

+    .09 

• 

4130 

46 

—  .37 

—   .21 

—   .04 

Nov. 

4167 

32 

—0.03 

—0.17 

—0.16 

8       re 

+( 

.  n  7  ii 

+  0.172 

=  +0.47 

x  = 

+  0.04  6 

+  0.57 

+  4 

.38 

1.06 

=   +0.97 

V  = 

+0.197 

+  0.17 

—  1 

.06 

+8.59 

=  —0.47 

z  — 

—0.075 

IV.  I'i  hi;-'-  Vertical  CircU  Observations  for  Parallax, 
1842  18.  From  his  values  of  n.  p.  1080  of  his  memoir 
uol  including  Polaris;  applying  the  values  of  c.  p.  122  ff, 
and  values  of  the  parallaxes  for  the  seven  stars,  modified 
from  his.  accordiug  to  the  ln-si  modern  values.  Assumed 
0  =  O°.96O;    Z"o=  239  1200. 


1842  3 


O 


V 


Mav 

5 

3961 

45 

+0.01 

+  0.04 

0.00 

May 

27 

3983 

10 

.00 

-f     .07 

+0.18 

July 

8 

1025 

52 

+    .01 

+    .09 

+  0.19 

Aug. 

11 

1059 

45 

+    .20 

+    .08 

Sepl 

16 

1095 

Il- 

+   .05 

1     .04 

+  0.17 

Nov. 

12 

1152 

ls 

—  .09 

—  .08 

.00 

Feb. 

24 

1256 

36 

—  .07 

—    .07 

—   .21 

Apr. 

3 

1294 

13 

—  .01 

—  .02 

—   .16 

Apr. 

27 

4318 

58 

+  0.13 

4  0.02 

—0.08 

9 

x 

+  l.'doy 

—2.535 

=  —0.04 

x  = 

—0.025 

+  1.: 

5 

+ 

5.31 

—0.41 

=   —0 

1 1 

y  = 

—0.021 

2.- 

3 

— 

1.41 

+  3.67 

=  —0. 

24 

2    = 

—0.085 

V.  Pkters's  Vertical  Oircli  Observations  of  Polaris,  1842- 
44.  (From  Nyren's  memoir  on  the  Latitude  of  Pulkowa  i 
Treated  exactly  like  Gylden's  and  Nyren's  similar  series. 
XVII  ami  XXIII.     Assumed  6  =  0°.973  ;    T'0  =  239 4300. 


1842-3 


Oct.  6 

Nov.  14 

Feb.  4 

Mar.  18 

Apr.  17 

May  20 

June  30 

Aug.  13 
Sept 


16 


9  : 
+  1.14 
+  0.09 


1 1  1 .". 

4154 
1236 

4278 
1308 
1341 
1382 

4426 

4460 

+ 1 . 1 4  y 
+3.57 

—0.28 


Obs. 

40 
38 
40 
40 
40 
50 
40 
41 
43 


O 

-o.'io 

-  .02 


C 

+    .04 


—   .02         — 


+ 


.07 
.08 
.02 

-  .07 

—  .01 

+  0.12 


03 
-   .05 

—  .06 

—  .01 
.00 

+    .03 
+  0.05 


c 

+  0.12 

—  ."1 

—  .21 

—  .18 

—  .12 
.00 

+  .14 
+  .21 
+  O.20 


+  0.09  2  = 
—0.28  = 
+  5.61     = 


—((.25 

o.oo 

—0.29 


x  =  —0.028 
y  =  +0.005 
z  =  —0.051 


VI.  M  ac  leak's  Mural  Circle  Observations  of  '■  Centauri, 
Cape  of  Good  Hope,  1842-44.  (Memoirs  R.A.S.,  XX). 
These   double-altitude    observations    gave    the    well   known 

anomalous  parallaxes,  apparently  confirmed  by  Moesta  at 
Santiago,  bul  contradicted  by  the  heliometer-determinations 
of  Gii.i.  and  Ki.kin  both  for  this  star  and  a  Centauri.  These 
discordances  are  responsible  for  much  of  the  prevailing  dis- 
trust of  absolute-parallax  determinations  in  general,  and  the 
reason  for  them  has  up  to  now  remained  a  mystery.  The 
present  investigation,  I  think,  clearly  shows  the  true  cause 
to  be  the  latitude-variation,  in  the  case  of  (I  Centauri;  and 
the  similar  anomalies  for  a  Centauri  will  probably  also  be 
disposed  of  when  my  computation  for  that  star  is  finished. 
Observations  here  reduced  with  Struve's  alienation, 
rt  =i  0,  and  annual  proper  motion  in  decl.  — 0".06.  As- 
sumed  0  =  0°. 947;   T'„  =  2394300. 
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1843-4 

t 

Obs 

0 

C 

C" 

Mar.  28 

4288 

17 

—  ILL'S 

—0.14 

Apr.  30 

4321 

24 

—   .31 

—   .31 

—  .04 

June    1  5 

1367 

21 

—   .23 

—   .21 

+    .12 

Sept.    8 

4452 

16 

+    .30 

+    .20 

+    .20 

Nov.     l 

1509 

15 

+    .20 

+    .31 

+    .04 

Jan.   29 

1595 

24 

+    .ID 

+    .04 

+    .21 

Feb.   28 

4625 

17 

—0.10 

+  0.11 

+  0.21 

7      x 

—0.47?/ 

+  1.382 

=  — 0 

1 1 

x  = 

+0.033 

—O.J  7 

+3.00 

—0.31 

=  — 0 

19 

y  = 

—0.089 

+  1.38 

—0.31 

+  4.00 

=  — 1 

13 

2    = 

—0.301 

VII.  Weter's  and  Brunnow's  Prime-Vertical  Observa- 
tions of  §  Draconis,  Berlin,  1845-46.  (Berlin  observations, 
also  A.N.  XXIX.)  From  his  own  observations  alone. 
Weyer  deduced  an  anomalous  aberration-constant,  20".255, 
ami  a  large  parallax  of  a  third  of  a  second.  Encke  remarks 
that  Bronm'ow's  later  observations  do  not  favor  the  idea  of 
parallax.  The  present  computation  seems  to  prove  that  the 
latitude-variation  is  responsible  for  the  erroneous  results. 

Observations  reduced  to  Nyren's  alienation.  Equations 
weighted  according  to  number  of  observations.  Assumed 
0  =  0°.947;    T'„  =  239  5300. 


1845-6 

May  27 
June   18 

July  12 
Aug.  21 
Sept.  12 
Oct.  12 
Nov.  17 
Dec.    25 

Feb.   9 

Sept.  1 
Sept.  23 
Nov.  8 


5079 
5101 
5125 
5165 
5187 
5217 
5253 
5291 
5357 
55  1 1 
5563 
5609 


Obs. 

4 

9 

16 

13 

11 

6 

4 

2 

2 

10 

111 

10 


0 

+0.34 

+  .52 
+  .11 
+  .24 
+  .32 

—  .14 

—  .OS 

—  .34 

—  .78 

—  .02 
+  .18 
+  0.22 


C 


+  0.18  —0.01 
.08 
.14 
.21 
.21 
.17 
.07 
.07 
.19 


+  -25 

+  .28 

+  .24 

+  .18 

+  .04 

—  .11 

—  .24 


+  .2.", 

+  .111 

0.00 


4 


'.17   a 
-55.36 

3,s.i>;; 


—55.36  v  -  38.03  : 
+  51.49   +12.19 
—  4.16   +45.51 


+  8.14 
—  4.16 
—10.18 


Feb. 

15 

Mar. 

2:1 

Apr. 

29 

May 

29 

July 

ID 

Sept. 

'.i 

Oct. 

23 

Nov. 

26 

8 

X 

+  1.1 

•_> 

—ii.: 

5 

t 

Obs. 

0 

C 

C 

5708 

8 

0.85 

—d.ll 

—  0.2(1 

5750 

8 

. .  ■>  2 

—  .30 

—   .21 

5781 

1 1 

—  .16 

—  .12 

—   .16 

58 1 1 

15 

+    .58 

+    .08 

—    .OS 

5853 

7 

—  .ni 

+    82 

—   .03 

591  1 

it 

+    .:il 

+    .39 

+    .21 

IX.      Washington  Prime-Vertical  0 
1845-50.      (From  the  annual  volumi 
Mauri     and    Herndon.      (SeeA.J.  XI.  109.)       Assumed 

0  =  0°. 923;   T'„=  239  6100. 


.21 
0.15 


x  =  —0.07.") 
y  =  —O.ioo 
z  =  —0.259 


VIII.  Radcliffe  Meridian- Circle  Observations  of  Polaris, 
1845  1:1.  (From  the  annual  volumes.)  Reflected  observa- 
tions not  used.     Assumed  0  =  0°. 960;   7"„  =  239  5700. 

1847 


5958 
5992 


!t         —  .05 


I       19 


+0.49         —0.01 


+    .19 

+  0.1  1 


+  I.027       —0.352 
+4.75  +0.67 

+0.67  +3.24 


+  1.1 3 
—  0.31 
—1.40 


x  =  +0.128 

V  =  - 

z  =  —0.11  1 


L847-8 


Obs. 


O 


Sept 

16 

5921 

21 

+0.08 

Oct. 

7 

5942 

18 

+   .10 

+    .21 

.00 

Oct. 

28 

5963 

31 

+   .10 

+    .17 

- 

Dec. 

6 

6002 

22 

+   .31 

+    .06 

—  .18 

Jan. 

16 

6043 

23 

—  .53 

—  .08 

.  2  2 

Mar. 

1 

6094 

17 

—  .10 

—   .-n 

—  .13 

May 

3 

6151 

16 

+    .12 

—   .19 

: 

June 

17 

6196 

23 

—   .16 

—  .06 

+   .is 

Aug. 

7 

6247 

32 

—   .19 

+    .11 

+    .21 

Sept 

4 

6275 

22 

+0.18 

+  0.16 

10 

X 

—  1   71. 

=  —1 

75 

i     x  = 

-  0.216 

— 0. 

'6 

+4.80 

+0.35 

=  —0.19 

y  = 

—  1. 

'4 

-  0.35 

+5.19 

=  —0 

75 

—0.213 

X.  Greenwich  Reflex  Zenith-Tube  Observations  of -t  Dra- 
conis, 1852-59.  (From  Mais'*  paper  in  tin'  .'/'  moirs  R.A.  v 
XXIX.)   Reduced  to  Nyren's  aberration-constant.  Assumed 

0  =  0°. '.100;    Z"0  =  2.",'.i8900. 


Sept.  21 
No\  . 

Dec. 
Mai'. 

Apr. 
June 
July 
Aug. 

Sept. 


1 


'.' 

-1.40 
-0.86 


8848 

8889 
8945 
9017 
9069 

9105 

'.Mil 
'.'171 
9206 

—  1.10-/ 

+  1.. "mi 
+  0.03 


51 
.".2 
.".1 
.".."1 
53 


;,:; 


—0.06 

—  .04 

—  .23 

—  .09 
+  .39 
+   .39 

.00 
+  .01 
—0.27 


—0.18 
,22 

—  .13 
+  .11 
+  .21 
+  .21 
+  .14 
+  .05 
—0.07 


—O.L'l 

—  .11 


.21 

.17 

.04 

.1  1 


— O.862:  =  —2.12 
+  0.03      =  +0.61 

+  1.70      =  —0.76 


x  =  — o  281 
y  =    - 

2    =    —O.L'l   t 


XI.    Gambey  Mural  Circle,  1857-61.    Gaillot's  deduction 

of  latitude  ni  the  Paris  Observatory  from  nadir-determina- 
t -:  from  which  he  inferred  an  annual  instrumental  vari- 
ation. Personal  differences  of  observers  (C.R.  I.XXXY1I 
(2), p. 685)  not  applied.  Assumed  0  =  0°.900;  T\,  = 
2400100. 


May  15 
June  20 
July    19 

Sept. 

Sept. 

Oct. 

Nov. 
Dee. 
Feb. 

Apr. 
May 


t 

9815 
9851 
9880 

9926 

9968 

0031 

01  16 

01  so 


;.; 


72 
7.'' 
69 
78 

7.". 

si 


0 

+  .0.; 
+  .23 
+  .32 

+  .13 

—  .40 

—  .20 

—  .26 

—  .1.'. 
+  0.17 


+  0.16 

+  .20 

+  .1.'. 

+  .04 

—  .07 

—  .21 

—  .1.". 


■ 
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N°  _'7_'. 


„ 

is  based  on  column  A 

,p.  69. 

Assumed  0  -     I     - 

i   7"„  = 

1 2         X 

—  2.7;;;  =    1-0.48 

X   := 

240  2247. 

—0.86 

i  5.95 

•  0.48 

i     ll  ~ 

t  0.104 

—:■.::•. 

;     =  —1.48 

1       2    = 

-  0.261 

L864  6 

t 

Obs. 

0                   0 

C" 

Nov.  28 

2204 

30 

—0.81         —0.16 

-+0*1 1 

XII.    Greenwich  Reflex  Zenith-Tube  Observations  of]  ura- 

Dec.  80 

2236 

31 

—    .09         —  .16 

.00 

conis,  1857-63.    ( From  Downing's  paper  in  Mo.  Not 

R.A.S. 

Jan.    •"'! 

2268 

31 

—  .05         —  .12 

—   .10 

XI.  11.) 

Chese  obsei 

rations,  extending  from  1857- 

75,  have 

Feb.  25 

2293 

32 

—  .02         —  .08 

—   .16 

here  bee 

i  separated 

iuto  three  parts. 

The   pres 

•lit     part 

Apr.     2 

2329 

31 

—  .05         -4     .01 

—   .21 

overlaps 

series  X  in 

1 857-59,  and  is  thei 

ifore  ii"i 

entirely 

May    11 
June     2 

2868 
2390 

28 

+    .11          +    .09 
.00         +    .13 

—  .19 

—  .15 

independ 

•hi  of  that. 

The  remainder  will  be  found 

in  mi ii  - 

July     15 

2433 

30 

+    .09         +    .16 

—  .02 

Will   and    XX\  . 

A  change  was  made 

,  in    1857 

.   in  the 

Aug.     9 

2458 

26 

+    .24           +    .15 

+    .07 

mounting 

of  ilir  mercury  basin,  which  is 

supposed 

in  have 

Sept.    5 

2485 

28 

+    .12 

+    .14 

improA  ed 
dental  er 

the  character  of  the  obsen  ations  as  to 

the  acci- 

Sept.  30 

2510 

29 

+    .08          +    .07 

+   .19 

■ors.     No  reduction  for  aberration  (from  the  value 

Oct.    22 
Nov.  22 

2532 
2563 

29 

•_'7 

—  .06         +    .02 

—  ,26         —     05 

+  .21 
+    .20 

20".400) 

w  as  here  m 

ulr.  as  I  have  a  definitive  mve 

si  igal  inn 

Dec.    18 

2589 

20 

—    .OL'            _    .11 

+    .16 

in  progress,  in  which 

the  aberration-constanl  is  in< 

lulled  a> 

Jan.       6 

2608 

29 

—0.03         —0.13 

+  0.12 

an  unknown,  with  the  elements  of   the 

latitudes 

uriation. 

, 

, 

Assumed  0  =  0  .90i 

;    T'„=  240  0500. 

1 5        X 

—  1.29?/ 

—0.11s 

=  +0.37 

x  = 

+  0.028 

—1.29 

+  7.50 

—0.01 

==    +O.II 

.'/  = 

+  0.063 

1-;.:.  GO 

t 

Obs.              O 

i 

- 

—0.11 

—0.01 

+  7.51 

=  —1.12 

2  = 

—0.149 

Dec.  23 

Feb.    13 

0402 
0454 

—0.21 

33"        —   .11 

.    o.02 
—  .15 

—0.21 

—  .18 

XV.     ( 

!  vi. in' >.'»  n  Hical  <  'i 

xle   Observations   of 

15    start 

Mar.     9 

0479 

:::;         —  .07 

—  .18 

—  .12 

.smith  of  PulJcowa  zeni 

h,  1863- 

67.     (See  J.J.  XI,  6' 

.•)     As- 

Apr.    18 

0519 

34         —  .01 

—  .18 

+    .01 

sullied   0  : 

=  0  .843  :    '/",  =  240  2374. 

May    11 
June     2 

0542 
0564 

30         —  .41) 
34         +    .05 

—  .14 

—  .09 

+   .08 
+    .16 

L865-6 

t 

Obs. 

0               c 

C 

June  22 

0584 

29         —  .15 

—  .03 

+    .20 

July      3 

2421 

17 

+0.02         —11. us 

— 0.18 

July    L2 

0604 

33         —  .10 

+    .03 

+    .21 

Aug.     5 

2454 

23 

+   .02          +    .02 

—   .21 

Aug.     1 

0624 

30         +    .05 

+    .08 

+    .21 

Sept.  26 

2506 

33 

+   .13          +    .17 

—   .16 

Aug.    17 

0640 

34          +   .26 

+    .12 

+    .20 

Nov.  19 

2560 

24 

+   .18         +    .22 

.00 

Sept.    9 

0663 

29         +   .13 

+    .17 

+    .16 

Dec.  27 

2598 

29 

+    .23          +    .17 

+    .12 

Sept.  29 

0683 

34          +    .22 

+    .1!) 

+    .11 

Mar.      4 

2665 

7 

+    .02         —  .02 

+    .22 

Oct.     22 

0706 

34          +    .30 

+    .19 

+    .04 

May      2 

2  7  2:i 

36 

—  .23         —  .19 

+    .11 

Nov.    14 

0729 

32          +   .19 

+    .16 

—   .04 

July      4 

2787 

53 

—0.26         —0.21 

—0.08 

Dec.    15 

0760 

32          +0.04 

+  0.10 

—0.15 

1 

8       x. 

+0.75j/ 

—0.06 

1  =   +0.19          x  = 

+  0.012 

15      x 

+  2.94  v 

—1.052  =  — l!'oi 

x  = 

—0.084 

+  0.75 

+  3.94 

+  0.06 

=   +0.42          y  = 

+  0.107 

+2.94 

+  7.40' 

—0.02     =  —0.13 

V  = 

+0.015 

—0.06 

+  0.06 

+  4.07 

=  —0.79          2  = 

-  0.196 

—  1.05 

—0.02 

+  7.61     =  —1.38 

2    = 

—0.193 

XVI. 

Leyden    Meridian- Circle   Observations  of  Polaris, 

XIII. 

MOEST  \'s 

Meridian-(  'ircle  Obse 

us  of  (3  Cen- 

1864-68. 

Si       A.J.  XI.   75. 

76.)     Assumed    6  = 

0°.843  ; 

tauri,    S 

intiago,    1860-64.      (See   remar 

s>    on   series  VI. ) 

T'0  —  2 

02343. 

Assumed  0  =  0°.843 

;   T',—  240  0973. 

186S-6 

t 

Obs. 

0               c 

C> 

1861-2 

t 

Obs.               O 

C 

C 

June  19 

2407 

50 

—o.ll          —0.09 

—0.20 

Aug.     2 

2451 

108 

+    .02         —  .03 

—  .21 

Mar.  25 

0860 

84         —0.02 

+  0.01 

+  o"o8 

Sept.  22 

96 

+    .05          +    .05 

-  .09 

Mar    23 

28         —  .08 

+    .14 

+    .21 

Nov.    15 

2556 

7^ 

+    .08         +    .10 

+   .08 

July    18 

0975 

;u        +  .40 

+    .17 

+   .18 

Jau.      2 

2604 

190 

+    .08          +    .in 

+   .19 

Dec.      1 

1111 

28         —  .25 

—  .10 

—  .20 

Mar.    15 

2676 

50 

+    .04          +    .01 

+   .17 

Jan.     12 

1 1 53 

i".i         —  .07 

—  .16 

—   .21 

May    25 

2717 

82 

—  .07         —   .09 

—  .04 

Feb.    12 

1184 

31         —  .29 

—   .17 

—  .16 

July      3 

2786 

166 

—0.14         —0.11 

—0.16 

Ms  ■.   20 

1220 

27          +0.08 

—0.13 

—0.04 

, 

1 

8       x 

+0.81  '/ 

+  0.22 

z  =  +0.03 

X   = 

+  0.010 

7       x 

—0.74?/ 

—  1.59  a  =  t-0.02 

X   = 

+0'032 

+  0.81 

+3.71 

+  0.18 

=  —0.13 

y  — 

—0.032 

—11.74 

+  2.71 

—0.82     =  —0.24 

y  = 

—0.028 

+  0.22 

+0.18 

+  4.30 

=  —0.44 

z  = 

—0.102 

—  1.59 

—0.82 

+  4.26     =  +0.69 

z  = 

+  0.169 

XVII. 

Gyld£n's 

Vertical  Circle  Observations  of  Polaris, 

XIV. 

Wil.sJiinq/'nl 

Prime-  Vertical  Observations  of 

n  Lyrae, 

1863-70. 

(See  A.J. 

XI,  66, 

67. )      Assumed   6  = 

0  .843  ; 

1862-67. 

(See  A.J.  XI,  68,  69.)     The  soli 

tion  here  given 

T\  =  2402374. 
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July     9 

2127 

30 

—0.16 

-0.21 

—0.20 

Aug.  M 

2463 

26 

—   .14 

—   .14 

—   .22 

Oct.      3 

2513 

26 

—   .02 

.00 

—   .14 

Nov.  21 

2562 

26 

•     .05 

+    .15 

.1  0 

Dec.    26 

2597 

23 

+   .25 

+    .21 

+   .12 

Mar.     8 

2669 

26 

+    .25 

+   .16 

+    .21 

May    10 

2  7.-;  2 

23 

—  .11 

—  .02 

+    .11 

May   31 

2753 

30 

—  .13 

—  .09 

+    .04 

July    31 

2814 

26 

—0.17 

—0.21 

—0.16 

9      x 

+  0.54>/ 

+0.492 

=  —0.27 

a;  = 

—0.014 

+0.54 

+  4.42 

—0.27 

=  —0.37 

y  = 

—0.094 

+0.49 

—0.27 

+  4.57 

=  —0.87 

—0.194 

XVIII.     Greenwich   Reflex   Zenith-Tube  Observations  of 

■fDraconis,   1864-70.      (See  scries  XII.)  Assumed    0  = 
0°.878;    Z"„  =  21H2900. 

1866-7                    t            Obs.              O  C 


July 

Am-. 

Sept. 

Oct. 

Oct. 

Nov.. 

.Tan. 

Mar. 

Apr. 

May 

June 

July 

July 


13      x 
—2.29 

—11.7:; 


2792 
2817 

28  I  7 
2877 
2904 
2931 
2985 
3048 
3079 
3106 
3128 
3149 
3178 


—2.29y 

+  5.7.'. 
—0.08 


26 

25 

241 

20| 

23 

20 

24 

241 

27 

25 

25 

25 

26 


—  U.14 

—  .02 

—  .21 

—  .14 
+  .20 
+  .02 

—  .05 
+  .82 
+  .22 

—  .05 


-0.27 

-  .30 


—  .19 

—  .08 
+  .04 
+  .25 
+  .28 
+  .20 
+  .10 

.00 


.43         —  .10 


—0.25 


0.18 
.21 
.21 
.17 
.09 

.01 

.16 

.21 
.17 
.11 
.04 
04 
0.13 


—0.73a  =  —3.4  1 
—0.08  =  +2.11 
+  7.24     =  —0.58 


-U.21         — 

x  =  —0.219 

1     y  =   +0.278 

s  =  —0.099 


XIX.  Melbourne  Transit-Circle  Observations  of  36  of 
Got  i  d's  South  rn  Standard  Circumpolars,  1863-67.5.  'I  om 
annual  volumes.)  See  A.J.  XI.  75,  76  for  geueral  descrip- 
tion of  treatment,  and  data  for  this  series.  The  whole 
series  from  1863-80  has  been  separated  into  four  part-  :  the 
other  three  parts  are  given  in  series  XXI,  XXIV  andXXVIII. 
Assumed  6  =  0°.84S  ;  Z"0  =  2402937. 
1866  7  t         Obs.  O  C  C" 


.Tan.    28 


2630 


66 


-0.06         —0.04         —0.1} 


Apr. 
May 
Aug. 
Oct. 
Dec. 
Jan. 


+0.31 


2693  51 

2751  4  7 

2828  125 

2880  118 

2940  83 


2992 



+8  38 
-  0.14 


101 


+    .10 
+    .20 

—  .ul 

—  .09 

—0.17 


+     .ns 

+    .14 
+    .07 

—  .03 

—  .13 
—0.18 


.00 

+    .17 
+   .19 

—  .18 

—it.  22 


+  0.31  :   = 

—0.14     =  —0.20 

+3.62     = 


x  =  +0.132 

y  = 

Z   =    —'1.125 


XX.      Washington  Transit- G  lotions  of  Po 

1866  Tim;.     (From  annual  volumes.      See  A.J.  XI, 


The  series  I  eparated  inl 

the  other  four  parts  arc  given  in  series  XXVI, XXX,  X  XX 1 1 
and  XXXIX.  The  phenomenon  of  the  latitude-variation 
emerges  with   great    clearness  from 

i,  as  well  as  from  those  of  the  othei  threi 
elsewhere  given   in    this    investigation.     Two   of  the 
groups  give  discordant  results;  but  in  om- of  thet 

■  /.  Ursae  min.  aloi 
harmonious.     I   feel  Bun 

siderable  accidental  errors  and  the  numerous  misprii 
results  of  this  instrument  do  not   deserve  much  of  I 
credit  which  has  heretofore  attached  to   them,  so  far  • 
tematic  instrumental  errors  arc  concerned      I  ho 
future  occasion  to  publish  a  more  thorough  inves    s    I 
the  latitude-variation  based    on    these  observations.     As- 
sumed 6  —  0°.843  :    '/'    =  241 


Jan. 
Feb. 
Mar. 
Apr. 
May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov 

Dec. 

Jan. 

Feb. 

14       a 
—0.01 


t 

3346 

:;:i77 
3407 
3438 
3469 

3529 

3591 
3621 

3682 

5712 
3743 


Obs. 

5  7'. 

104 

4U 

24 

37 1 

I  I 

I9j 

45 

53 

bU 

64 

65* 

59 

59 


4-    .25 

—  .06 

—  .is 

—  .45 

—  .26 

—  .39 

—  Ji7 

—  .12 
+  .06 
+    .11 

■ 
+  0.36 


+  0.24 
+   .09 

—  .08 

—  .23 

—  .34 

—  .38 

—  .35 

—  .21 

- 
■ 


+0.03  y       —0.01  i  = 

I     =   +1.06 
—0.01  +7.01      =  —2.15 


y  = 


- 

—  .04 

—  .14 

—  .20 
.22 

—  .20 

—  .13 

—  .02 
+  .06 
+  .14 

- 


XXI.     Mi  Circle 

Gould's  Southern  Standard   (                      ,1867         871. 5. 

XIX.)  Assumed  0  =  0". 843;    T    =2403791. 

t  Obs.             0 


■ 

Feb.    26 

\ 

June  30 
\ 
S 

7 


- 


+0.12 


3696       lis 


.",755 

3818 
3879 

1004 


96 

177 
175 

157 


+    .21 

—  .04 

—  .11 

—  0.12 


—   .01 


—  .12 

—  .12 


x  =    ■ 

y  =  — 

2    = 


xxu.     u 

nd  51   //.  (  i   like 

the  corresponding  data  fi  \  S 

rated  into  three  parts;  the  other  two  part-    are    given    in 
series  XXVII  and  WW        \ 
2403955. 
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Sepl . 

Oct. 

Dec. 

I  i  : 
Apr. 

.1  MM. 

\M, 


i  0.36 
+  0.15 


3948 
1002 
104  I 
111:; 
1167 
1237 


Obs. 

17 

59  i 

68 

19 

86 

70 


—  .62 

+    .17 

+ 
+ 
+ 


.1  1 
.26 

.-.'I 
-f  ii.ll 


—0.31 

—  .31 

—  .18 
4-  .16 
+   .33 

t     .25 
0.02 


—  .20 

—  .12 
+  .11 
+  .21 
+  .1  I 
—0.04 


•  (i.:;i;  v       +0.152  =    t  0.58 
i  3.50  0.34 

|  0.23  >0     =  —1.16 


x  =  4  0  087 
V  =  -  0.084 
2  =  —0.330 


Will.  Nii:i\'-  Vertical  Circle  Observations  of  Polaris, 
1871-75.  (Sec  A.J.^Ll,  67,68.)  Assumed  0  =  0°.843 ; 
T'   =  2404936. 


1872-3 


Obs 


O 


Sept.  3 

5040 

23 

—  O.Ol 

-0.07 

+  0.03 

Nov.  6 

5104 

30 

.00 

+  .07 

+  .20 

Jan.  15 

5174 

29 

+  .19 

+  .15 

+  .18 

Feb.  L6 

5206 

27 

+  .14 

+  .14 

+  .11 

Mar.  --'1 

5242 

33 

+  .09 

+  .09 

—  .02 

May   2 

5281 

40 

.00 

+  .01 

—  .12 

June  17 

5327 

29 

—  .Oil 

—  .08 

—  .21 

Aug.  l 

5375 

27 

—0.12 

—0.14 

—0.19 

8   X 

—1.862/ 

—0.462 

=  +0.17 

x   = 

—0.001 

—  1.86 

+  4.33 

—0.07 

=  —0.26 

y  = 

—0.062 

—0.46 

—0.07 

+  3.67 

=  —0.48 

%  = 

—0.132 

XXIV.  Melbourne  Transit-Circle  Observations  of  36  of 
Gould's  Southern  Standard  Circumpolars,  1871.5-75.5.  (See 
series  XIX.)     Assumed  6  =  0°.843  ;   T'0  =  240  5072. 


1872-3 

Nov.  29 
Jan.  29 
Mar.  31 
May  31 
July   31 

Sept.   30 

Nov.  30 


t 

5127 
5188 
5249 
5310 

5371 

54:12 
5493 


Obs. 

95 
57 
91 

115 
98 
78 

111 


O 

—0A8 
+  .15 
+  .03 
+  .24 
+  .07 
+  .01 
—0.03 


C 

—0.19 

—  .07 
+  .11 
+  .20 
+    .15 

—  .02 
—0.17 


—0.12 

+  .07 
+  .20 
+  .18 
+    .01 

—0.21 


0.00 

o.oo 


t  0.00g 


+0.002  = 

0  oo     = 

+8.50     = 


0.84 


x  =  -  0.121 
y  =  -  0.097 
2  =  —0.180 


XXV.     Greenwich    Reflex    Zenith-Tube    Obsei 
;   Draconis,   1871-75.      (See  series  XII.)      Assumed    6  = 
0  .857  :   T'u  =  2405100. 


1872  3 

May   12 

June  28 

Aug.  25 

Oct. 

Nov. 

Jan. 

Mai-. 

Apr. 

Mav 


4926 
1973 
5031 

.'.07:' 
5128 
5186 
5232 
5274 
5808 


Obs. 


26| 

29 
25 
28 

24 


291 


O 

1-0.04 
—  .26 


+    .26 
4  0.10 


0.02         —0.19 
.05  —  .08 


.00 

—  .10 

+  .11 

.00 

—  .09 

+  .20 

.06 

—  .03 

+  .20 

.00 

+  .06 

+  .06 

.01' 

+  .10 

—  .08 

4  0.07  —0.2-.' 


9  i 
+  0  10 
—0.82 


+  0.10)/       —0.822  =  —2.60 
+  4.27  —0.25     =   +0.30 

—0.25  +4.75     =  —0.07 


x  —  —0.295 
y  =    +0.074 

2    =    —I 


XXVI.  Washington  Trim  sit- Circle  Observations  of  Polaris, 
1871.6-75.7.  (See  series  XX.)  Assumed  d  =  C.843 ; 
T\  =  240  5236. 


1872-3 

Oct.  15 

Nov.  14 

Dec.  l  l 

Jan.  13 

Feb.  12 

Mar.  15 

Apr.  15 

Mav  15 

Jnue  15 

July  15 

Aug.  15 

Sept.  15 

Oct.  15 
Nov.  15 

1  I  x 
—0.05 
+  0.02 


( 

5082 
5 1 1 2 
5142 
5172 
5202 
5233 
5264 
5294 
5325 
5355 
5386 
5417 
5117 
5478 


—0.05  y 
+  7.03 
—0.01 


Obs. 

25 
37 
16 
29 
22 
26 
23 
33 
26 
31 
30 
32 


o  c 

+0.55         —0.02 


C 


+  0- 


+    .27 

—  .56 

—  .39 

—  ..".1 

—  .29 

—  .08 
+  .97 
+    .17 

—  .15 

—  .37 


28         —  .02 


26 


+  0.14 


—  .12 

—  .14 

—  .13 

—  .10 

—  .05 
+  .01 
+  .07 
+  .12 
+  .14 
+  .13 
+  .10 
+  0.05 


+ 
+ 
+ 
+ 
+ 
+  0 


+  0.022  = 
—0.01  = 
+  6.97     = 


—4.33 
+  0.75 
—0.68 


x  =  —0.309 
y  =  +0.104 
2  =  —0.097 


i  Continued  in  Xo.  273.) 


ON   THE  LIGHT-VARIATIONS   OF    Y  OPHIUCHI  (Ch.  6404), 

By  EDWIN  F.  SAWYER. 


The  variability  of  this  star  was  announced  in  No.  210  of 
this  Journal.  From  a  preliminary  reduction  of  my  then 
available  observations,  1  found  a  period  of  about  17d.14. 
From  a  liual  discussion  of  all  my  observations  to  the  present 
time,  I  find  a  slightly  shorter  period,  and  have  adopted  as 
the  best  attainable  elements,  1882  September  4d.428  Gr. 
+  17a.l 25641  .E=  1882  Sept.  4'1  10"  16"'  Gr.  +  (1  7'1  3"  1"'.0) 


E  for  the  epoch  of  maximum.  The  minimum  occurs  earlier 
by  6d.250.  The  observed  times  of  the  maxima  and  min- 
ima, given  below,  were  derived  as  heretofore  by  apply- 
ing, to  the  time  of  each  observation  of  the  variable,  the  cor- 
rection indicated  by  the  comparison  of  its  observed  light 
with  the  mean  light-curve  hereafter  given.  Values  of 
L.>8.5  were  employed  for  deducing  the  maxima,  the  others 
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for  tlie  minima.     In  forming   each   epoch,    the  numl 
observations  gives  the  weight   in  the  third    column.      The 
column   0  —  C    is   a   comparison    with    the    preceding  ele- 
ments. 


i  IBS)  RVBD  Maxima. 


Boston  M.T.    Wt.  I  >- 


0  82 
s.;  si; 
129  88 
130 

1  1 7  89 
148 
149 
150 
152 

164  90 
166 
1  68 
169 
172 
173 
174 
187 
188 
189 
190 
191 
192 
193 
194 
195 


91 


Sept. 

Sept. 

Sept. 

Oct. 

July 

Aug. 

Sept. 

Oct. 

May 

June 
July 
Aug. 

Sept. 
Oct. 
Nov. 
June 

July 

Aug. 

Sept. 
Oct. 


5.13  1 
15.12  1 
21.48  1 

'J.76  1 
27.21  3 
14.01    1 

20.11  3 
1G.39  2 
20.28  5 
13.65  1 
17. 0i>  4 
21.91    2 

8.13  1 
27.87  3 
14.93  3 

1.88  2 
11.77  5 
28.16  3 
16.42  1 

2.43  8 

20.12  3 
5.09  3 

22.11    3 

:<.:;:;   2 

25.80  2 


i  »BS1  RVBD   Minima. 


Boston  M.T   Wt.  O  — C 


f  0.90 

— 

.91 

+  0.08 

+  1 

.20 

+  0 

.51 

+  1 

.19 

—0.84 

+ 

.31 

— 

.(•5 

_ 

.18 

.00 

+ 

.57 

+ 

.67 

+ 

.03 

— 

.03 

+ 

.79 

+ 

.05 

— 

.69 

+ 

.44 

+ 

.33 

+ 

>:< 

— 

.26 

— 

.37 

—0.93 

87  8G   Sept. 

88  Oct. 
July 
Sept. 
June 


125  88 

130 

1  16  89 
147 
149 


165  90 

166 
1  68 
169 
170 
171 
172 
173 
187 
188 

l.s'.l 

190 
191 
1 92 
193 
194 
195 


91 


Aug. 
Sept. 
Oct. 
May 

June 
July 

An-'. 

Sept. 

Oct. 

.June 

July 

Aug. 

Sept. 
Oct. 


30.41  1 

15.16  1 

6.4  2  1 

2.68  2 

3.62  5 

20.74  7 

23.12  7 

26.87 

13.92 

24.61 

10.79 

15.3 
l.o; 

18.16  2 

3.85  4 

22.52  2 

8.33  3 

5.37  I 

23.48  3 

9.72  3 

26.84  I 

12.69  3 

30.24  2 

15.67  1 

3.96  3 

20.33  5 


+  3.50 
+  1.13 

2.27 

+  0.37 

+    .29 

—  .58 

—  .08 

—  .16 

—  .10 

—  .05 
+    .28 

—  .14 

—  .18 

—  .61 
+    .93 

—  .39 

—  .10 
+    .88 

—  .01 

—  .01 

—  .29 
+    .14 

—  .56 
+  .61 
—0.15 


The   comparison-stars   and    the   adapted   light-seal 
given  below  :  the  positions  being  for  1875.0. 

Brighton,  Mtss.,  1892  Jxdy  4.  


n  L. 

a  183     U.A.    ".I..  17  5o'n'  —i 

6  187       ■•         ••  17  52  5s  _i   [8.4      6.1 

c  167        ••         ■■  17  37     '-'  —7     1.2 

d  194       ■•         ••  17  56    6  —5  21.3  5.1 

.  |78       ■■         ••  17  15  5s  _5  13.8      7.0      6.  ■'■■      2.7 

/  S.DM.  5   1523  17  16  34  —5  53.8 

All  the  observations  were  used,  and  the  .  •''  l™-0 

employed  in  the  formation  df  the  mean  light-curve.     The 
characteristics  of  the  iight-fluctuatii  -    oerally  uni- 

form and  not  very  rapid  increase;  a  first  uniform 

and  somewhat  rapid,  followed  by  a  • 
.  course.     The  duration  of  jm 

-  10.88  da>  s.  The  maximum  phasi 
pies  about  one  day-  The  readings  (if  the  light-enn 
tiic  following 

Light-Tab]  i.. 

Time 
from  Max.     Light 

d 

—  '■..1'5 

5.50 
5.00 
1.50 
4.00 
3.50 
3.00 
2.50 

1.50 
1.00 

—0.50 


Time 

Time 

•mil  Max. 

Light 

from  Max. 

12.0 

+    6 

12.0 

1.00 

11.9 

7.00 

6.0 

1.50 

11.7 

5.6 

2.00 

11.3 

■_'  50 

10.6 

• 

1.7 

3.00 

9.7 

' 

3.50 

9.0 

4.1 

l.oo 

8.5 

3.8 

-.1 

5.oo 

7.7 

11.00 

+5.50 

7.4 

+  11.50 

3.7 
3.7 

1." 
1.1 
5.0 

6.5 

7.:; 

9.2 

11.5 

12.0 

The  range  of  variation  is  from  6".2 
curve  at   minimum  appears  somewhat  less  flat,  than  at  first 
determined,  this  phase  occupying  about  a  day  and  a  half. 

star  appears   slightly  colored,  or  about 
Ch  indi  er's  scale. 


OBSERVATIONS   OF    VARIABLE  STARS,    1891-92, 

By  PA1  i.  s    vr.M'i  i  1 


1953  T  (No    0     i 
Since  the  observations  published  on  p.  1  13  of  Vol.  XI  of 
this  -i 'nal,   I   have  ob   i  I    more  observations  of 

tlii-  star,  as  follow-  : 


392 

.Mar.   13.302 

7.9 

1 

M    -  ii  full 

1  1.302 

8.1 

1 

15.316 

8.7 

1 

16.319 

B.fi 

1 

19.319 

9.5 

1 

21     Oi 

10. 0 

8 

eye  estimate 

24.326 

<10.0 

.. 

25.340 

10.5 

8 

2100    U  Orionis. 
From  ism  Dee.  3  to  1892  Feb.  18,  1  observed   U 0 
tweuty-five  times.     lis  magnitude  when  first   seenwa 


it  1  P'.o  ;   its  in.-:  ady  and  rapid,  aud  my 

ntions  indicate  a  maximum  o 
rnitude  at  the  last  observation  was  7*.l. 

•-'27:'    '/'  M 
\  -       3  of  fifty-nine  obsei  vations 
1892   April  26,   indicate  eight   maxima  an 
follows  : 


Maxima 

» 

Ml  MM  V 

1891  Sept. 

2 

- 

l 

\             2.1 

1 

Jan. 

1892  Jan.     1.25 

1 

20.9 

1 

i 

Feb.    17.6 

1 

Mar.     11.5 

1 

\   ■     1  13.4 

1 
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'.'  1 78    li  Lyncis. 
Eleven  observations  of  R  Lyncis,  from   1892  Mar.  19  to 
May  27,  indicate  :i  maximum  of  7V.-"'.  1892  May  l  1. 

2625    I'  Mo 
Sis  observations,  from  1892  Mar.  15  to  April  24,  show  a 
maximum  on  1 892  Mar.  1 9.5. 

3185    THydrae. 
Five  observations   of    THydrae,  from   1892  Mar.   15  to 
April  20,  show  a  maximum  of  8M.0,  1892  Mar.  20. 

3976    UHydrae. 
Seventeen  observations  bIiow  this  star  to  have  been  near 
a  maximum  from  18&2  Mar.  19  to  April  30,  the  fluctuations 
dii i ing  this  entire  interval  being  only  from  5*. 4  to  5K.6  ;  l lie 
observations  do  not  indicate  a  distinct  maximum. 


1805     W  Virginia. 
My  observations  of  this  star  for  the  seasons  of  li 
1892  indicate  maxima  and  minima,  as  follows: 


li 


H  ami 


M  WIM  \ 

\v 

Minim  \ 

1    April      2.15 

■) 

1891 

Mar.  26.52 

May       8.94 

3 

April  11.15 

25.89 

1 

June     3.21 

June    11.00 

9 

1892 

Mar.      25.0 

28.78 

1 

April    26.2 

2  .Mar.     31.7 

4 

May     31.7 

April     16.7 

4 

May      22.3 

3 

June      13.4 

4 

The  observations  for  1891  were  reduced  by  the  use  of  a 
mean  light-curve  formed  from  all  my  observations,  ll<»  in 
number,  from  1889  till  the  close  of  the  presenl  Beason.  The 
normal  lights  indicate  quite  distinctly  a  s<  i  ondary  maximum 
a  Ik  mi  four  days  after  the  principal  one,  somewhat 
the  curve  of  Schmidt,  published  in  the  Astronomische  Nach- 
richten,  80, 142.  This  inflection  was  neglected  in  drawing 
the  curve  which  was  actually  used,  as  the  whole  rests  on  too 
few  observations  to  be  definitive  in  character;  the  maximum 
of  June  13.4,  however,  which  was  quite  well-determined, 
show  -  a  residual  of  +  I". 7  I . 

484  7    .v  I  '//•<///(  is. 
This  stai  has  been  observed  twelve  times,  from  1 892  Mar. 
24   to  June  11.     A  maximum  of  GM.7  is  indicated  on  April 
14. 

5501    S  Serpentis. 
Thirteen  observations  of  this  star,  from  1892  April  20  to 
June  15,  indicate  a  maximum  on  May  11.5,  at  a  magnitude 
of  7*. 5. 

6733  II  Scuti. 
Fifty-four  observations  wen-  obtained,  from  1891  May  27 
to  Nov.  4.  When  first  observed,  the  star  was  evidently  very 
near  a  maximum,  iis  magnitude  being  by  estimation  4M.8 ; 
it  fell  off,  at  first  quickly,  and  afterward  more  slowly,  and  a 
minimum  of  7". 2  was  indicated  on  Aug.  20.  On  Oct.  1  i la- 
star  passed  a  bright  maximum  of  4". 4.  and  when  last  oh- 
served  had  fallen  to  6M.2. 


ter,  Mass.,  1892  July  2:;. 


NEW   CATALOGUE   OF  YAKIABEE    STAKS. 


It  is  hoped  soon  to  issue  a  second  edition  of  the  Catalogue 
of  Variable  Stars.  The  accumulation  of  data  since  the  pub- 
lication of  the  first  edition,  and  the,  supplement  thereto 
(A.J.  nos.  179-80  and  216),  has  been  very  considerable,  and 
their  investigation,  and  the  incorporation  of  the  resulting 
changes,  improvements  and  additions,  into  the  new  edition, 
will  consume  much  time  and  labor;  so  that  it  will  probably 
nol  be  practicable  to  issue  it  until  some  time  during-  the 
coming  winter.  Since  it  is  a  matter  of  common  interest  to 
those  who  are  occupied  with  the  subject,  that  such  a  publica- 
tion shall  be  brought  as  thoroughly  up  to  date  as  possible, 
this  early  notice  is  given  in  order  that  those  who  have  un- 
published observations,  or  who  propose  to  make  observa- 
tions this  season,   may  have  opportunity,  if  they  feel  dis- 


posed, to  make  the  results  known  by  publication  before  the 
end  of  the  current  year,  or  immediately  after.  For  all 
observations  pertaining  to  stars  whose  variability  has  been 
announced,  but  not  yet  independently  or  sufficiently  con- 
firmed for  insertion  among  the  known  variables,  the  need  is 
especially  urgent  :  although  those  relating  to  stars  of  known 
variability  whose  periods  and  other  characteristics  are  yet 
unknown,  or  imperfectly  so,  are  almost  equally  important. 

If  it  seems  to  be  sufficiently  desired  by  observers,  a  pre- 
liminary working-list  of  such  objects  will  be  printed,  in 
season  for  much  valuable  work  to  be  done  upon  them  and 
published,  and  the  serviceableness  of  the  uew  Catalogue 
thereby  much  enhanced. 

s.  C.  Chandler. 


COX  T  E  N T  s  . 
On  the  Variation  or  Latitude,  VI.  by  Dr.  S.  C.  Chandler. 
On   i  in.  Light-Variations  oe    rOPHrocHi,  by  Mr.  E.  1'.  Sawyer! 
Obseri  ltions  oi    Variable  Stars,  1891-92,  by  Mr.  Paul  S.  Yf.ndei.l. 
New   Catalogue  or  Variable  Stars. 
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OX  THE   VARIATION   OF   LATITUDE,  VI 

By  s.  C.  CHANDLER. 

(  Continued  from  /m/ie  02.  ) 

XXVII.     Washington  Transit-Circle  Observations  of  8  and       1875-77  Obs. 

/.  Ursae  minoris,and  51  lit  ephei,  1873.0-80.0.      (See  series 
XXII.)     Assumed  6  =  0°.843 ;    T'„  =  2406517. 


1876-77 


Sept.  1 

Oct.  26 

Jan.  1 

Feb.  25 

Mav  l 

Jnlv  2 

An--.  :;o 


+  0.01 
+  0.06 


t 

6499 
6554 
6621 
6676 

671 1 
6803 
6862 

+  0.01   ■: 

+3.52 

—0.03 


Obs. 

51 
78 
95 
99 
95 
91 
62 

+  O.O62 

—0.03 

+3.48 


O 

-o.nl 

-  .05 

-  .04 

-  .1  1 

■  .18 

■  .01 
-0.20 


0.13 
.08 
.04 

.12 
.11 

.02 


—0.09 


=  +0.11 
=  +0.17 
=  —0.41 


—0.09 

—  .21 

—  .17 

—  .02 
+  .17 
+  .21 
+  0.11 

-  0.047 
—0.118 


Apr.  15 
M  ay    1 5 

J  Ullc     15 

July  15 
A 1 1  ir .  15 
Sept.  15 
Oct.  15 
Nov.  15 
Dec.  15 
Jan.    15 


XXVIII.     Melbourne    Transit-Circle   Observations   of  36 

,<  Gould's  Southern  Standard  Circumpolars,   1875.5-80.0. 

(See  series  XIX.)    Assumed  0  =  0°.843  ;    '/",  =  2406780. 


O 


<: 


14 
+  0.01 
—0.03 


6360 
6390 
64  21 
6451 

6513 
6543 
6574 
6604 
6635 

+  0.01y 
+  7.00 
+  0.03 


717 
615 
7o6 
674 
651 
a  5 1 

180 

572 
63'J 

— 0  03z 

■ 


'/ 


.03 

.1" 
.11 
.... 


—  .12- 

—  .18 

—  .04 
.00 

+0.01 

- 

=    +0.11 

=  —0.89 


—  .in 

—  .06 

—  .11 

—  .13 

—  .12 
— 

—  .05 
+  0.01 


—  .09 

—  .17 

—  .21 

—  .21 

—  .IS 

- 
—11.127 


XXX.    Washington  Transit  ■ 
1875.8-79.0.        S       series  XX.)      Assumed    9  =  O'.t 

T'a  =  240C;UI. 


1877  78 


" 


Apr.  30 

6740 

77 

—0.17 

0.12 

—0.21 

June 

16 

6787 

26 

- 

- 

June  30 

6801 

.v.i 

+   .03 

_     .OS 

—  .14 

Jnlv 

15 

6816 

29 

+    .15 

Aug.  28 

i;.m;o 

65 

—  .01 

—   .ol 

4    .02 

\      ! 

15 

6847 

15 

—   .17 

—  .03 

—   .15 

Nov.     2 

6926 

66 

—  .03 

+    .10 

+    .12 

Sept. 

15 

6878 

17 

—    .:',2 

—  .5 

—  .20 

Jan.     11 

6996 

77 

+    .2:! 

+  .111 

+    .19 

15 

2  2 

—  .84 

—  .32 

2  2 

Mar.      1 

7045 

87 

+    .0;, 

+  .01 

+   .07 

No  v . 

16 

6940 

25 

—  .71 

—  . 

—  .19 

May     1 

7lo.; 

66 

—0.1  1 

—0.06 

+  0.12 

Dec. 

16 

6:170 

•17 

+    .14 

— 

—  .1  1 

„ 

Jan. 

16 

7001 

18 

—   ..".1 

—    28 

7       a; 

— 0.21  y 

— O.H2 -.   = 

X-  =: 

—0.184 

Fed. 

15 

84 

—   .1'.' 

—  .1  1 

- 

—  0.21 

J  3  12 

=    +0.2O 

V   = 

Mar. 

16 

7060 

82 

—   .20 

+    . 

—0.02 

+0.18 

+3.58 

=  —0.37 

—  0.107 

Api. 

17 

7092 

2;i 

+     - 

May 

It: 

7121 

21 

+    . 

XXIX. 

( 'ordoba 

Meridiai 

'  >l,s,  r  rnl in, ix 

,r  South- 

June 
July 

16 

!•; 

71.".  2 

71-2 

.-.1 

+    .l.'i 

+    . 
+  0 

em  Standard  Circumpolars,  1872.5-81.0 

(  From 

Gould's 

discussion 

A.J.  XI. 

1 2:1-1::  1. 

187-140.) 

The  resid 

uals  used 

ll 

X 

+  0.'" 

=  — 16.32       x  = 

air    tb08l 

if  the  last  column 

of    the   table  on   p. 

138,  I.e.) 

+ 

—0.01 

=  -  0.2s       _,,  = 

Assumed  tt  =  0  .843  ;    7"„  = 

-  24045532. 

—0.01 

=  — 

:   = 

35 

L876   77 

i 

ODS 

0 

C 

C 

■ 

• 

XXX 

/' 

.' 

Dee.    15 

6238 

+  0.01 

.  0.O6 

Jan.     l.'i 

6269 

668 

+  .1;; 

+    .11 

nilha 

Ista 

.--.  1  a 

11  pp.  87 

9 

Feb.    15 

6300 

599 

—  .0:; 

+    .1:! 

4    .21 

on    t 

le    . 

V.ber 

at  ion,  A 

cad.  si 

\\\; 

.  no  9.) 

Mai.    1.") 

6829 

764 

+  0.17 

4 

0.12 

+  0.17 

Assumed 

e  - 

_  0  .848 

66 
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July 

Sept. 

.\  o  \ . 

Jan. 

Mar. 

Apr. 

Maj 

June 


9 
—0.55 

—0.09 


7908 

7'.'  I  I 
7982 
8085 

8150 
8196 
8220 
8262 

-)  1.34 
I  0.82 


60 
68 

52 

II 
78 


62 
58 


0 

—  .07 

—  .ii7 

—  .04 

—  .01 

+    .17 

+    .02 
+  0.01 


-  .07 

—  .07 

04 
4-  .08 
+  .06 
+  .07 
.06 


+ 
r  0.02 


—0.21 

—  .16 

—  .07 
+  .10 
+  .21 
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XXXII.  Washington  Transit-Circle  Observations  of  Po- 
laris, 1879.1-83.0.  (Seeseries  XX.)  Assumed  6  =  0°.843  ; 
T'0=  2408225. 


Obs. 


0 


Dec. 

15 

8065 

30 

4-0.16 

4-0.08 

4-0.08 

Jan. 

13 

8094 

12 

—  .30 

4 

.02 

—  .01 

Feb. 

1  1 

8126 

24 

—  .17 

-  .06 

—  .11 

Mar. 

15 

8 1  55 

21 

—  .14 

-  .12 

—  .is 

Apr. 

15 

8186 

23 

4-  .23 

-  .16 

—  .21 

May 

15 

8216 

17 

4-  .34 

-  .17 

—  .21 

June 

16 

8248 

16 

—  .39 

-  .14 

—  .16 

-Inlv 

16 

8278 

36 

—  .63 

-  .09 

—  .08 

Aug. 

15 

8308 

13 

—  .24 

-  .01 

4-  .01 

S,  pi 

15 

8339 

39 

4-  .15 

4-  .06 

4-  .10 

Oct. 

15 

8369 

28 

4-  .SO 

4 

.12 

4-  .18 

Nov. 

15 

8400 

30 

4-  .06 

4 

.16 

4-  .21 

Dec. 

16 

8-131 

32 

4-  .04 

4 

.17 

4-  .21 

Jan. 

16 

8462 

23 

4-0.13 

4-0.14 

+  0.17 

14 

X 

-o.oi  v 

O.OOz 

=  —11 

.58 

a;  = 

—0*827 

—0.04 

4-7.03 

4-0.03 

=  4-  0.33 

y  = 

4-0.043 

o.oo 

4-0.0;! 

4-6.97 

=  —  1 

.11 

z  = 

—0.160 

XXXIII.  Willet's  Point  Zenith- Telescope  Observations. 
1880.8-85.6.  The  data  for  this  series  were  kindly  furnished 
by  Gen.  II.  I..  Abbot,  from  the  original  records.  The 
observations  were  made  under  his  direction  to  determine  the 
latitude  of  the  New  Engineer  Observatory,  and  are  especially 
interesting;  first,  because  both  the  instrument  and  method, 
now  so  generally  adopted,  were  essentially  the  invention 
(in  1834)  of  Capt  Talcott  of  this  Corps,  and  areknown  by 
his  name,  although  thatof  Horrebow  is  sometimes  appended 
thereto,  with  little  reason  or  justice;  secondly,  because 
Gen.  Abbot  himself  pointed  out,  about  eight  years  since, 
the  fact  that  they  indicate  a  latitude-variation.  'See  Gen- 
eral Orders  U.S.  Engineers.)     Assumed  6  =  0°.843  ;  T'  = 
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XXXIV.  Washington  Prime-Vertical  Observations  of 
aLyrae,  1882.9-84.6.  (See  .1../.  XI.  180,  181.)  Obsep 
vatious  by  Lieu ts.  Taylor,  Bowman  ami   [ngersoll.     As- 

s id  6         0  .848  ;   Z"o  =  210:107:). 
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XXXV.  Washington  Transit-Circle  Observations  of  Sand 
'/.  Ursae  minoris,  "nil  51  II  Cephei,  1880.0-87.0.  (See  series 
XXII.)      Assumed   6  =  03.843  ;   T\,  =  2409079. 
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XXXVI.    Almucantar  Observations,  1884-85.    (See  A.N. 
CXII,  116.  and  A.J.  XI.  60.)      The  residuals  used   for  so- 
lution are  those  for  observations  after  1884  Nov.  8,  on  stars 
south  of  +15°.      Assumed  9  =  0°.843  ;    T'„  =  2409550. 
1884-85  I  0I1-.  O  C  C" 
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N°-273. 


THE     AS  1  BONOM  ICA  L    JOTJ  I;  N  A  I. 
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XXXVII.  Kustner's  Universal  Transit  Observations,  1834— 
85.  (See  his  Memoir,  also  A.J.  XI,  65,  66,  and  .4.  A'.  (  XXV, 
275.)  The  residuals  used  are  from  the  place  last  cited. 
Assumed  6  =  0°.843 ;   T't  =  2409613. 
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XXXVIII.  Madison  Meridian- Circle  Observations,  1883.5- 
85.9.  (See  annual  volumes,  A.N.  (XXVII.  99,  and  A.J. 
XI,  10!),  118.)  I  am  inclined  to  think  there  may  be  some 
form  of  systematic  error,  which  renders  the  1886  and  1887 
results  inharmonious  with  the  previous  years.  I  have  there- 
fore nol  used  them;  although  the  propriety  of  this  course 
may  be  doubtful.     Assumed  6  =  0".8I3;   T'u  =  2409400. 
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XXXIX.      Washington  Transit-Circle  Obseri 

laris,  1883.1-87.0.    (See series XX.)    As> ed  0  =  o 

T'0=  210  9500. 
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XL.     I) jttle's   Zenith-Tt  0  1888. 

ries  XLI.)     This  is  the  second  exception  mentioned 
on  p.  17,  in  which  the  result   is  not  derived  from  a 
square  solution.     From  the  various  values  of  the  latitude 
found  in  different  years  by  Prof.  Dooi.m  rident 

that  this  determination  of  1888  must  have  been  made  at  or 
near  an  epoch  of  minimum,  and  1  have  felt  at  liberty  to  as- 
sume it  as  such,  direcl  Lj . 

XLI.     Doo little's  Zenith-Tt 
90.9.    (See  .1../.  VII.  l  I.  and  A.N.  <  XXVIII.)    Prof.  Doo- 

little  must  he  regarded  as  a  pioneer  in  this  Bubject, 
devoted  himself  to  it  year's  before  the  reality  of  lal 
variations  was  generally  regarded  as  probable.     The  accu- 
racy, homogeneity  and  continuity  of   his  observations,  make 
the  3eries  the  mOSl  valuable  Of  any  we  pOSSeSB.      I   have  here 

employed  only  the  data  for  1889  and  1890.  It  is  hoped  that 
he  will  soon  lie  able  to  publish  the  earlier  ones,  running 
hack  to  1876,  in  a  form  thai  may  make  them  similarly  avail- 
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XI. II.   Prague  Zenith    i  389.2   91.4. 

'(See  A.N.  CXXVIII.)      Observers,    Weiner    and    Grcss. 
I'm,  ott's  method.     Assumed  6  ■     o  .s\:\  ■    /'    —  241  l  100. 
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X  1.1  II.     Potsdam  Zenith-  /' 
90.8.     (See  A.N.  CXXVIII.)  Observer,  Schmaudrr.    Tal- 
cott's  method.    Assumed  8  -  ~         7"„  =  241  1  : 
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I  II  E     ASTRONOMICAL    JOU  I:  N  A  I.. 
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\I.IY.  Berlin  Zenith-Telescope  Observations,  1  ssn.  0-9 1  .-1. 
(See  A.N.  CXXVlII.)  Observers,  Marcus:  and  Batter- 
mann.     Talcoit's  method.     Assumed  0  =  0°.843 ;  T'0  = 

241  1  mi). 
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XLV.     Pulkowa   Prime-Vertical  Observations  of  13  zeni- 
thal stars,  1890.3-91.0.      (See  A.N.  CXXVII.)     Observer, 
Wanach.     Assumed  6  —  0.818;   T'„  =  241  1400, 
1890  t  Obs.  0  C  C" 
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The  material  utilized  in  the  foregoing  forty-five  series 
aggi  sgates  more  than  thirty-three  thousand  observations. 
Of  these  moie  than  one-third  were  made  in  tiie  southern 
hemisphere,  a  fact  which  we  owe  principally  to  Cordoba. 
It  comprises  the  work  of  seventeen  observatories  (four  of 
them  in  the  southern  hemisphere),  with  twenty-one  different 
instruments,  and  by  nine  distinct  methods  of  observation. 


only  three  of  the  -cries  (XXI,  XXV  and  XXXV),  and  these 
1 ig  tli^  leasl  precise  intrinsically,  give  results  contra- 
dictory of  tiie  general  law  developed  i ».  267.  This  de- 
gree "f  general  harmony  is  indeed  surprising,  when  tin' 
evanescent  character  of  the  phenomenon  under  investigation 
is  cousiden  d. 

Thr  reader  1ms  nun  before  him  the  means  for  independent 
scrutiny  of  tin-  material  on  which  the  conclusions  already 
drawn,  ami  those  which  arc  to  follow .  are  based.  The  space 
taken  in  the  printing  may  seem  unconscionable,  but  I  hope 
this  will  be  charged  to  the  extent  of  the  evidence  collected, 
and  not  to  diffuseness,  or  the  presentation  of  needli 
tail;  fori  have  studiously  sought  to  compress  the  form  of 
Statement  without  omitting  anything  essential  for  searching 
Criticism.  That  it  was  important  to  do  this  is  manifest. 
sinCl    the  Conclusions,   if  established,  overthrow  the    existing 

theory  of  the  earth's  rotation,  as  I  have  pointed  out  on  p.  21. 
I  am  neither  surprised  nor  disconcerted,  therefore,  that 
Prof.  NkwCOMB  should  hesitate  to  accept  some  of  these 
conclusions,  on  the  ground  (A.J.  no.  271)  that  they  are  in 
such  conflict  with  the  laws  of  dynamics  that  we  are  entitled 
to  pronounce  them  impossible.  He  has  been  so  considerate 
and  courteous  in  his  treatment  of  my  work  thus  far,  thai  I 
am  sure  he  will  not  deem  presumptuous  the  following  argu- 
ment in  rebuttal. 

It  should  be  said,  first,  that  in  beginning  these  investiga- 
tions last  year.  I  deliberately  pul  aside  all  teachings  of 
theory,  because  it  seemed  to  me  high  time  that  the  facts 
should  lie  examined  by  a  purely  inductive  process;  that  the 
nugatory  results  of  all  attempts  to  detect  the  existence  of 
the  Eulerian  period  probably  arose  from  a  defect  of  the 
theory  itself;  and  that  the  entangled  condition  of  the  whole 
subject  required  that  it  should  be  examined  afresh  by  pro- 
cesses unfettered  by  any  preconceived  notions  whatever. 
The  problem  which  I  therefore  proposed  to  myself  was  to 
see  whether  it  would  not  be  possible  to  lay  the  numerous 
ghosts  —  in  the  shape  of  various  discordant  residual  phe- 
nomena pertaining  to  determinations  of  aberration,  paral- 
laxes, latitudes,  and  the  like  —  which  had  heretofore  flitted 
elusively  about  the  astronomy  of  precision,  during  the  cen- 
tury :  or  to  reduce  them  to  tangible  form,  by  some  simple,  con- 
sistent hypothesis.  It  was  thought  that,  if  this  could  be  done, 
a  study  of  the  nature  of  the  forces,  as  thus  indicated,  by 
which  the  earth's  rotation  is  influenced,  might  lead  to  .1 
physical  explanation  of  them. 

Naturalh  ,  then,  I  am  not  much  dismayed  by  the  argument 
of  conflict  with  dynamic  laws,  since  all  that  such  a  phrase 
means  must  refer  merely  to  the  existent  state  of  the  theory 
at  any  given  time.  When  the  127-day  period  was  pro- 
pounded, it  was  as  inconsistent  with  known  dynamic  law  as 
the  variation  of  it  now  appears  to  be.  Prof.  NewCOMb's 
own  liapp\  explanation  has  already  set  aside  the  first  diffi- 
culty, as  it  would  appear,  and  advanced  the  theory  by  an 
important  step.     Are  we  so  sure  yet  of  a  complete  knowl- 
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edge  of  all  the  forces  at  work  as  to  exclude  the  chance  of  a 
for  the  second  ? 

A-  tn  Prof.  Newcomb's  first  objection,  the  peculiarity  of 
the  equations  to  which  he  adverts,  —  and  which  was  | 
out  by  Prof.  Hall  several  years  ago  {Am.  Jour,  of  & 
l  i".i  i .  in  it>  bearing  upon  an  analogous  case.  —  was,  of  i 
not  out  of  mind  while  I  was  examining  tin-  presenj  data; 
but  I  drew  the  conclusion  that  the  results  would  not  be  ma- 
terially influenced  by  it.     In  view  of  the  opposite  opinion  of 
Prof.  New<  OMB,  the  weight  of  which  will  cany 

with  it.  that  of  other  astronomers,  unless  it  can  lie  mel  by 
convincing  argument,  I  beg  a  suspension  of  judgement  until 
what  follows  i-  carefully  weighed  against  it. 

If  the  variations  of  latitude  obey  any  regular  law.  the 
lis  of  maximum  and  minimum  correspond  to  some 
function  of  the  time.  If  the  form  of  this  function  1" 
known  or  assumed,  and  the  amplitude  of  the  variation  be 
alone  determined  from  observation,  the  resultant  values  will 
he  unrestricted  as  to  sign,  i.e..  they  will  not  lie  subject  to 
the  condition  of  being  essentially  positive,  as  in  the  case 
where  the  epochs  are  also  determined  from  the-  equations. 
If  there  be  no  actual  variation  of  latitude,  i.e.,  if  /■  =  0, 
the  values  deduced  from  a  sufficiently  large  number  of  series 
will  be  indiscriminately  positive  and  negative,  and  their  mean 
will  be  zero,  tin'  correct  value  by  this  hypothesis.  If  there 
lie  a  real  variation,  but  a  wrong  law  be  assumed,  a  similar 
result  follows.  If.  on  the  contrary,  the  true  law.  or  a  close 
approximation  to  it,  be  assumed,  the  positive  sign  will  tend 
to  prevail  among  the  deduced  values  of  /■.  ami  the  strength 
of  this  tendency  will  be  greater,  tin'  nearer  the  assumed 
hypothesis  represents  the  true  law,  and  the  more  consider- 
able is  the  quantity  sought  in  proportion  to  the  ern 
observation.  If  the  amount  of  the  variation  is  huge  with 
reference  to  these  errors,  the  values  of  r  will  nil  be  pos 
but.  whatever  the  proportion  may  be.  the  mean  of  I 
will  unrestrictedly  represent  the  true  value,  if  the  hypothesis 
as  to  i  In-  law  be  nearly  correct. 

We  have.  then,  in  the  prevalence  of  the  positivi 
among  the  vain,-  of  the  semi-amplitude,  /•,  found  in  this 
manner,  by  means  of  the  law  of  equations  (3),  |  I  i  and 
and  in  the  failure  of  any  assumption  of  a  uniform  period  to 
Satisfy  this  condition,  what  seems  to  me  a  crucial  test  of  the 
reality  of  a  retardation  in  the  velocity  of  the  polar  motion. 
Let  us  see  bo^i  the  law  in  question  responds  to  this  test. 

From    tin-    mode   of    forming    the    columns     0  and  '  ".    in    the 

tables  on  pp.  58-62,  65  -68,  we  liave  the  distance  between  the 

0 


pole-,   determined    by   this    thod, 


0".22 


from 


each  observation-equation;  and    the    mosl    probable    value 
from  all  the  equations  of  any  series. 


_  ()V_,._, 
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The  following  table  givOS  the  values  thus  found. 


Table  VI. 

No.  Eq. 

I 

12 

-  0.480 

XXIII 

- 

• 

11 

10 

+ 

.070 

XXIV 

7 

+    .171 

III 

8 

+ 

XXV 

IV 

9 

+ 

.070 

XXVI 

14 

V 

9 

+ 

."72 

XXVII 

7 

■ 

VI 

7 

+ 

.124 

XXVIII 

7 

VII 

12 

+ 

XXIX 

14 

+    .119 

VIII 

8 

+ 

XXX 

14 

IX 

10 

+ 

XXXI 

X 

9 

+ 

.151 

XXXII 

14 

+    .170 

XI 

12 

+ 

.17o 

XXXI 11 

10 

XII 

15 

+ 

.064 

XXXIV 

12 

XIII 

7 

+ 

.183 

XX  XV 

7 

—   .060 

XIV 

15 

+ 

.021 

XXXVI 

- 

XV 

8 

+ 

XXXVII 

6 

XV] 

8 

+ 

.077 

XXXVII] 

- 

i 

XVII 

9 

+ 

.169 

XXXIX 

1  1 

win 

13 

+ 

XL] 

XIX 

7 

+ 

.116 

XI.II 

- 

XX 

1  1 

+ 

.21.". 

XI. Ill 

- 

XXI 

7 

— 

.066 

XI.  IV 

- 

XXII 

7 

+0.337 

XI.V 

lo 

■ 

Only  three  of  the  series,   XXI.   XXV  and  XXX\  . 
negative  value-,  and  these  arc   numerically  small,  and  could 
be  converted  to  positive  ones  by   the  mere  rejectii 
single  discordant  equation  in  two  cases,  and  of  tw..  in  the 
third.      Such  a  rejection  would  be   entirely  justifiable,  • 
a  total  of  427  equations,  considering  tin    smallness  of  the 
quantity  under  examination,  the  moderate  precis 
of  the  Series,  and   the  very  important  fact,  which  I  shall  en- 
deavor to  demonstrate  further  011.  that   tin  ■  malic 
objective  deviations  from                      law. 

The  testimony  then  from  this  point  of  view,  the  co 
ness  of  which  appears  to  me  unassailable,  is  overwhelming, 
unless  it  can  be  shown  that  the  hypothesis  of  a  uniform 
period  will  produce  equally  or  nearly  as  harmoi 
dance.  This  cannot  be  done.  I  have  not  carried  out  the 
computation  in  detail,  because  it  i-  Sufficiently  manifest  that 
any  such  attempt  would  end  in  complete  failure. 

But   the  evidence  of  variation   in   the    period   can   ; 
sented    more   directly,    in   a   way  from    which    I 
escape.     la  I  us  separate  the  data  of  Tabic  I.  p.  19,  ini 
parts.      Take,  first,  the  first    thirteen  series,  the  mean  epoch 
of  which  is  — 25,  by  weights.      A  >n  on 

the  hypothesis  of  a  uniform  p. 

with  the  following  deviations  from  observation. 


1'  W.I  1 

VII 

- 

I 

\  111 

—  1  . 

II 

l\ 

III 

—93 

\ 

—  19 

IV 

— 3;t 

XI 

•> 

V 

XII 

VI 

XIII 

VII 

_>:, 

ro 
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From  the  last  thirty  two  series,  whose  uieau  epoch  is    I  2, 
we  lin'l  similarly, 

'  2407064"   I    130". 2  |  E— 2) 
with  i  lie  '\'\  iations, 

Table  VIII. 


Series 

( >— c 

Series 

()— (' 

0— c 

XIV 

—25 

X  X  Y 

_ 

XXXVI 

—89 

\v 

—26 

X  X  V  1 

— 7:i 

XXXVII 

— ;;;i 

\\  1 

+  1'7 

XXVII 

XXXVIIJ 

—  71 

XVII 

+39 

XXVIII 

—GO 

XXXIX 

+  13 

Will 

\\l\ 

—:!.-) 

XI. 

+  51 

X 1 X 

+42 

XXX 

—24 

XI. 1 

+  1 6 

w 

—33 

\\\l 

+    .'! 

XI.  II 

1  23 

XX] 

- 

\\\ll 

— 55 

X  I.I  1 1 

+  27 

XXII 

+   8 

\\\lll 

—72 

XLIV 

+  28 

XXIII 

+  18 

XXXIV 

-f  26 

XI.V 

+    9 

XXIV 

+  23 

XXXV 

- 

Now  I  can  conceive  of  no  principle  in  construing  tbe.-evi- 
'!>  nee,  which  would  lead  us  t<>  accept  the  fact  that  the  period 
1 1 ii i  i ni:  ih.'  se< 1  interval  was  about  I. 'in  .lays,  without  com- 
pelling us  to  admit  that  during  the  Brsl  interval  it  was  about 
390  days ;  short  of  rejecting  the  whole  evidence  altogether. 
Ii  ought  not  to  escape  attention  thai  each  set  of  observations 
also  contains  within  itself  strong  indications  of  increase  in 
iii'  period,  corroborative  of  that  shown  by  a  comparison  of 
the  mean  results  from  both.  Thus,  the  first  set  gives,  on 
tlir  hypothesis  of  a  period  varying  uniformly  with  the  time, 
2396  i  29d  +  38  I'1. 6  ( E+  25 )  +  0d.96  (  B+25)! 

and  I  lie  second, 

2407031d+  I30d.7  (E— 2)  +  0''.49  (E— 2)! 
both  of  which  expressions  will  satisfy  the  observations  with- 
in the  respective  groups  better  than  the  assumption  of  a 
uniform  period  for  each.  Further,  they  give  for  the  length 
oi  the  period,  384.6  +  1.92(5+25)  and 430.7+0.98(5—2), 
respectively;  or.  for  /•:  =  (>,  the  values  432.6  ami  128.7, 
respectively,  —  a  most  striking  agreement.  Still  again,  on 
the  hypothesis  of  a  uniform  period,  required  by  the  accepted 
theory  of  the  earth's  rotation,  we  have,  by  a  least-square  so- 
lution of  all  the  data, 

2406291"  +  409"  jE 
giving  the  following  deviations, 

Table  IX. 


Scries 

0— c 

Series 

0— c 

Series 

( )— c 

I 

+  267* 

XVI 

—251 

XXXI 

0 

II 

+  257 

XVII 

—249 

XXXII 

—  36 

III 

+  108 

XVIII 

—199 

XXXIII 

3  ■> 

IV 

+  162 

XIX 

—215 

XXXIV 

+   87 

V 

+  24  2 

XX 

—  2  IS 

XXXV 

_ 

VI 

+  277 

XXI 

- 

XXXVI 

—     7 

VII 

+   60 

XXII 

-185 

XXXVII 

+   43 

VIII 

+   49 

XXIII 

—133 

XXXVIII 

+    11 

IX 

+  132 

XXIV 

—  128 

XXXIX 

+   95 

X 

—  44 

XXV 

- 

XL 

+  197 

XI 

—  83 

XXVI 

—203 

XI.I 

+  213 

XII 

—  70 

XXVII 

—118 

XLII 

+  190 

XIII 

—129 

XXVIII 

—  126 

XLIII 

+  194 

XIV 

—303 

XXIX 

—101 

XLIV 

+  194 

XV 

—304 

XXX 

—  69 

XLV 

+  175 

which  again  proves  that  the  hypothesis  in  question  is  irre- 
concilable with  the  observations. 

The  difficulty  of  maintaining  the  hypothesis  of  uniformity 

of  period  will  be  still  further  increased  if  the  observations 
before  1840  he  taken  into  consideration;  hut  I  do  not  pro- 
pose, to  go  into  this  question  until  the  discussious  of  Brad- 
ley's,  IJkinki.kv's.  Bess  el's  and  the  Dorpat  observations 
have  been  presented.     I  think  these  give  it  the  deathblow. 

What  then  are  we  to  conclude?  Naturally  that  the  bur- 
den of  proof  is  thrown  upon  theory,  to  justify  itself  or 
remedy  it--  defect-.  I  .it  US  mark  here  a  few  steps  in  the 
development  of  the  subject,  hading  up  to  the  present  dilem- 
ma. The  eat  t  b  of  Edlek's  analysis  was  a  free,  rigid,  homo- 
geneous spheroid,  whose  axis  of  rotation,  if  not  coincident 
with  the  axis  of  figure,  would.  —  while  fixed  in  -pace  (ex- 
cept by  a  minute  negligible  amount,  and  also  ignoring  pre- 
cession and  nutation),  —  revolve  about  the  axis  of  figure. 
The   daily  rate   of   this    motion,   which,  a-    regards    -pace,    is 

one  of  the  axis  of  figure  al t  that  of  rotation,  is  fixed  by 

the  ratio  of  the  difference  of  the  two  moments  of  inertia  to 
the  principal  one.  and  must  iie  P. IS.  and  perfectly  uniform. 

The   reliance   upon    this   theory   has    been    heretofore   s i- 

questioning,  that  every  investigator,  including  Bessel,' 
I'i  ii  rs,  Xyui'.x  and  Newcomb,  has  started  with  this  velocity 
as  fundamental,  and  endeavored  merely  to  find  from  obser- 
vation the  angular  separation  of  the  poles,  and  their  direction 
at  a  given  time.  The  results  of  their  investigations  were 
uniformly  unsatisfactory:  first,  because,  as  Prof.  Hall  has 
pointed  out,  the  nature  of  the  equations  employed  would 
necessarily  give  a  positive  value  of  the  radius  of  rotation, 
whether  real  or  not,  ami  the  deduced  values  were  not  gr<  titer 
than  the  errors  of  observation  ;  secondly,  because  the  longi- 
tudes of  the  line  joining  the  two  poles,  when  reduced  to  a 
common  epoch,  were  irreconcilable.  I  think  I  am  not  mis- 
stating the  impression  made  on  the  minds  of  astronomers  by 
these  discussions,  in  saying  that  they  caused  general  skepti- 
cism as  to  the  actuality  of  this  theoretically  possible  revo- 
lution. 

The  appeal  to  observation,  treated  irrespective  of  theory. 
in  the  present  series  of  papers,  show-  thai  such  a  motion 
really  exists,  but  (a)  at  a  daily  rate  of  hut  0  .85  (for  1875)  : 
and  (b)  that  this  velocity  is  subject  to  a  slow  retardation, 
which,  in  its  turn,  is  not  uniform.  In  but  one  particular, 
the  direction  of  the  motion,  does  observation  concur  with 
analysis;  in  the  others  the  divergence  is  complete. 

The  result  (a)  was,  at  first,  pronounced  impossible,  and 
is  even  now  so  regarded  in  some  quarters,  being  inconsis- 
tent with  the  above  dynamic  law.  Prof.  Xewcomb.  how- 
ever, soon  after  found  the  defect  in  the  theory,  as  is  known, 
and  is  now  as  cordially  in  favor  of  the  result  given  by  obser- 

*  Although  Peters  was  the  first  to  examine  the  question  thor- 
oughly, it  is  my  impression  that  Bessel  had  previously  given  it 
attention,  hut  with  data  insufficient  for  a  determinate  result.  I 
write  this  from  memory,  while  ou  my  vacation  iu  the  country,  and 
cannot  verify  it. 
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vation  as  be  was  originally  against  it.  Bui  lie  still 
objection  to  the  result  (b)  on  the  same  ground  of  dynamic 
impossibility.  Now,  may  it  not  reasonably  be  asked,  if  the 
direct  deduction  from  observation  has  led  to  the  corn 
of  theory  in  the  first  particular,  is  it  beyond  hope  that  it  may 
ild  so  in  regard  to  the  second?  Indeed,  if  the  introduction 
of  the  earth's  elasticity,  or  plasticity,  into  the  problem  ran 

be  made  to  i sist  with  but  a  part  of  the  phenomenon,  and 

the  other  part  is  equally  well  proved,  must  we  not  iufei  thai 
the  theory  in  its  new  form  is  incomplete,  and  thai   son 
cuinstancr  in  the  condition  of  the  earth,  uol  yel  incorporated 
in  the  analysis,  may  ultimately  explain  all? 

I  can  see  but  three  ways  in  which  the  theory  in  its  present 
condition  can  be  successfully  maintained.  It  may  be  con- 
tended :  — 

1.  That  the  material  of  observation  presented  in  these 
papers  is  insufficient,  in  quantity  or  quality. 

2.  That  the  processes  of  treatment  are  erroneous. 

3.  That  the  phenomena  are  misinterpreted,  or  are  due  to 
some  other  physical  cause. 

Let  us  accordingly  proceed  to  bring  out  various  significant 
aspects  of  the  evidence.  It  will  ilien  lie  seen  whether  any 
of  the  above  objections  cau  be  effectively  advanced. 

The  previous  remarks  have  drawn  us  a  little  aside  the 
course  of  answering  Prof .  Newcomb's  remaining  argument, 
near  the  top  of  p.  50.  In  view  of  the  results  in  Table  VI 
it  would  seem  as  though  his  estimates  of  =  must  be  falla- 
cious. 1  confess  to  timidity  in  following  him  upon  this 
ground.  Its  shifting  sands  give  no  sine  foothold,  and  make 
thrust  and  parry  alike  uncertain,  However,  to  sustain  this 
rather  warlike  metaphor,  I  will  make  one  or  two  feeble  passes 
of  the  rapier,  and  retreat  to  solid  earth.     The  "systematic 

errors   varying   from   month   to   I th,    and    from   season    to 

season,  with  which  every  one  who  has  discussed  meridian- 
observations  is  familiar"  have  been  largely  and  deceptively 
imposed  upon  us,  in  the  past,  by  the  very  phenomenon 
we  are  discussing.  1  shall  be  much  surprised  if  in  the 
future  our  ideas  of  the  amount  of  the  unexplained  errors  of 
this  -mi,  comprising  all  that  class  of  obscure  variations  ap- 
parently dependent  on  temperature,  are  not  singularly  modi- 
lied  therebyi  I  appeal  to  examples  illustrating  this  in  many 
of  the  series  here  discussed  :  Greenwich,  Radcliffe,  Paris, 
l.eyden.  Washington,  Cordoba.  Santiago,  Melbourne,  (ape 
of  Good  Hope.  Indeed,  instrumental  temperature-variation, 
which,  for  want  of  a  better  known  cause,  has  been  made  a 
convenient  and  universal  scapegoat   in  matters  of  this  kind, 

is  likely  to  have  a  great  part  of  its  burden  lifted  hereafter. 
Again,  the  methods  employed  in  the  previous  discussions  in 
assembling  the  data,  have  a  tendency  to  eliminate  any  syste- 
matic errors  not  corresponding  to  the  period  of  the  latitude- 
variation,  so  that  these  partake  in  this  regard  of  the  nature 
of  accidental  error. 

A  demonstration  will  be  given  later  on,  which  I  think  will 
convince  tbe  most  skeptical,  that   the  maxima  and  minima 


from  which  the  laws  of   the   latitude-variation  ha 
duced,  cannot  possibly  be  attributed  to  a  generally  p 

ing  eft  .  or  anythii  t 

I    beg    that    Piof.   NEWCOMB  "ill    - 

presumptuous  in  the  pos  .  ,,ugh 

in  defensive  argument  of  this  kind   it    is  difficult    to 
clearly  reasons  for  difference  of  opinion,  witl  out  a] 

SO.      His  sound  judgement  and  broad  knowledge  —  foi 

UO   man   can    have    higher   admiration   than  I  —  give   him  tin 

overwhelming   advantage  i  :   and  I  ho 

to  see  them  ranged  on  the  side  when'  the  truth  as  it  a 

to  me 

I  take  this  opportunity  to  make  a  correction  ai 
ditions  to  the  data.     Two  solutions  were  made  I 
with  different  values  of  6.      By  oversight  in  copying,  a  wrong 
selection  from  these  was   made   on  p 

given  la  low.     Also,  the  results  Greenwich  Transit- 

(  irele  are  added.       The  investigations  of  Thai  ki  BAT,  DOM  K- 
ing  and  Sam  DeBakhdyzen,  apparently  showed   pr- 
of serious  complication  from   instrumental  variations  due  to 
temperature.      As  it   was  not  clear    how  these   could  bi 

lated.  if  they  exist,  from  the  change  o  oned 

the  e putatious  relating  to  this  scries  until  after  the  articles 

in  nos.  267,  272,  and  the  present  number,  were  prepared 
in  ir  omission  should  appeal  singular,  after  the  remark 
on  p. 86,  Vol.  XI.  they  are  given  here  in  the  same  form  as 
the  others,  assigning  „-i  ies-nnmbers  conforming 
of  the  epochs,  but  with  distinguishing  index-letters.  On 
account  id'  the  lame  accidental  errors  with  which  till  - 
servatious  are  affected,  the  results  are  not  as  significant  as 

they   might   be;    but    the   g 1    accord    of  three   of   the   four 

groups  with  the  general  law  of  no.  L'tiT  gives  room  for  doubt 
whether  the  ai lalies,  which  have  hereto 

to  temperature- variation  in  this  instrument,  i  re  in  rei 

that  character. 

I.     Greenwich  Refit  x  /■  t>;i; 

To    lie    substituted     for    the    solution    on 
0  =  0-.9-2,".  ;    7"„  =-   239 


t 

0 

June  t  ■"■ 

4002 

July    15 

1032 

67 

+    .17 

+   .22 

Aug.  15 

p-,;.; 

16 

-    .81 

+    .17 

Sept.    15 

4094 

51 

Oct.     I.". 

•1 1 24 

+    .34 

—  .01 

Nov.  15 

it:..-. 

."> ;  1 

+   .24 

—  .12 

Dec       15 

us.". 

.Ian.     to 

42J6 

.".  1 

+    .04 

—  .12 

Feb.    14 

4246 

i: 

—   .•_'.". 

—  .16 

Mar.    1.". 

4275 

Is 

—   .11' 

—  .os 

Apr.    l."> 

4306 

—   .78 

■ 

May    r5 

4336 

61 

+   .12 

June    15 

4367 

34 

-    o.i  | 

• 

+0.1 6  y 

•not 

1  0.16 

=  —0.82 

y  = 

- 

=  —2 

z  = 
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I  \ ,,.  Qreenu  ich  i  i  0  i  ationa  oj  Polaris, 
1851.0  >8.6.  i  I  i' hi  Stone's  uutation-determiuation,  Me- 
moirs I!  A.S.,  XXWii  I  6  =  0°.911; 
T'„  =  239  84  12. 


15 
15 


Apr. 
Maj 

J  une 
July 

\  : 

Sept. 
Oct. 
Nov. 
Di  c. 
Jan. 
Feb. 
M  u-. 
Apr. 

.  1  •"■ 
_0  ill 

||    >7 


t 
8824 

8  1 1 5 
8  I  1 6 
8477 
8507 
8538 
8568 
8599 
86  10 
8658 
8689 


i  >hs. 

92 
T."i 
96 
92 
76 
96 
98 
101 
96 
52 
.  76 
86 
95 


0 

i 

•  hi 

—  .10 

—  .05 

—  .07 

—  .06 

—  .03 
4  .13 

—  .09 

—  .09 
f  .05 

+  .18 


•  0.04 


4 


.01 

.in' 
.05 
.07 
JiT 
.05 
.03 
.01 

.01 

.06 

.07 


—  .01 

—  .14 

—  .20 

—  .22 

—  .19 

—  .11 

—  .01 
+  .09 
+  .17 
+  .21 
+  .20 


+  0.-2-2  +0.06  +0.15 


—0.043/     —0.072 
f  6.46       —0.01 
—0.01        +6.54 


-2.84 
0.1  l 
-0.42 


x  =  —0.219 
y  =  —0.023 
z  =  —0.067 


XI 
L858. 

7"     - 

1    u  — 

1861- 

No\  . 

Dec. 

.lull. 

Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 


la.     Greenwich  Transit- Circle  Observations  of  Polaris, 

7-65.7.       (See  series  IXa.)      Assumed   6  =  0°.911  : 

=  240  1214. 

-G2  t  Obs.  0  C  C 


1095 
1  125 
1156 
1187 
I  2 1 5 
1246 
1276 
1307 
1337 
13G8 
1399 
1429 
1460 


i>7 

70 

105 

106 

104 

90 

64 

63 

67 

70 

74 

77 

72 


+  0.13 

—  .08 
+  .08 

—  .04 

—  .07 

—  .04 

—  .01 
f  .25 

—  .06 
+  .07 

—  .33 

—  .01 
+  0.07 


-0.01 


+  0. 


.00    —  . 


+  .01 
+  .02 
+  .02 
+  .02 
+  .01 
.00 

—  .01 

—  .01 

—  .02 

—  .02 
—0.02 


+ 
+ 
+ 
+ 
+  0 


13 

—0.02 
+  0.01 


— 0.0-2  y  +0.042  =  +0.74 
+  0.46  +O.01  =  +0.01 
+  0.01        +6. 53      =  +0.13 


\\ll,..    Greenwich  TransU-i  irch  Latitudes,  I 
(From  Downing's  paper,  Mo.  Not.  R. A.S.,  XL, 481.)     As- 
sumed 6    -  0  .870;   T\  =  240  1062. 

1870  (  Obs.  O  C  < 


Jan.  • 
Mar.  i 
May 
June  I 
July  2. 
Sept.  i 
Nov.  • 
Dec.   2i 

8  a 
4  0.13 
—0.69 


x  =  +0.0.-.7 
y  =  +0.002 
2  =   +0.020 


IQ68 

I  128 

II  Mi 
122  7 
1269 
4312 
1372 
4422 

-Hl.KSy     —0.692 
—0.24 

-0.24        +4.12 


—0.25 


0.27 


—  .19 


—   .12 


+   .17         4 

.08 

■    .07 

+    .10          4 

.18 

4   .17 

+    .41          4 

.27 

•     .22 

+    .01          4 

.25 

4   .17 

+    .21          4 

.06 

.00 

—0.17         - 

o.l  I 

—0.15 

=  —0.65 

x  = 

-   0.108 

=  —0.18 

y  = 

— 0  060 

=  —1.02 

2   = 

—0.268 

SXVIa.   Greenwich  Transit- Circle  Latitudes,  1873.0  78.0. 
(See  series  XXII a.)   Assumed  0  =  O°.849;  T'„  —  240  6150. 
1875  t  Obs.  O  C  C" 

Jan. 

Mar. 
May 
July 
Aug.  : 
Oct.  i 

Dee.  : 


—0.04 
40.10 


5889 
5950 
601  I 
6073 
6129 
6193 
6250 

—0.04  y 

43.7)4 
—0.04 


—0.06 
4    .19 

4  .20 
+  .14 
+    .19 

—  .40 

—  0.24 


—0.07 

+    .18 


+    .29 
+    .18 

—  .05 

—  .26 
—0.27 


+  0.102 

—0.04 
+  3.46 


+  0.44 
—0.91 
—0.46 


+  0.17 
+  .21 
+    .10 

—  .09 

—  .21 

—  .18 
—0.02 

+0.068 

— 0.27..S 

—0.138 


The  following  supplies   the  data  corresponding  to  Tallies 
I  and  II  ;    '  ,  of  course,  being  =  0. 


Series 

I 

IX  a 
XII  a 
XXII  a 
XXVI  a 


0.371 
.071 
.020 
.275 

0.292 


T' 

1842  Mar.  9 
1854  Sept.  1 
1861  Sept..  3 
1870  Jan.  13 
1875  Nov.  30 


Observed  O— C 

T  III 


2:V.i3!iO) 
2398463 

240  1022 

240  1076 
2  106  2  23 


465 
+  •21  • 
(-192) 
+  14 
+  73 


T  — 


ELEMENTS   OF   COMET  a  1892  (swift), 

By  F.  GERTRUDE  WENTWORTH. 
The  following  orbit  was  computed  from  places  corrected 
for  aberration  and  parallax,  for  Mar.  7,  May  4  and  June  29, 
based  on  observations  by  Profs.  C'oit,  Frisby,  Barnard, 
Wilson,  and  Miss  Whitney.  The  interval  of  114  days  com- 
prises a  geocentric  arc  of  108°  longitude  and  45°  latitude, 
and  an  anomaly  of  114°.  The  trivial  deviation  of  the  mid- 
dle place,  — 2". 4  in  /.,  — 1".2  in  (S,  (C — 0),  proves  that  the 
•orbit  is  sensibly  parabolic,  thus  settling  the  doubt  which  has 
been  raised  on  this  point. 


Elements. 
1892  Apr.  6.66545  Gr.  M.T. 


co  =     24  31   59.39) 

Q   =  240  55   2D. 7:; 
i  =     38  42  45.86  ) 

log  q  =  0.0115676 


CONTENTS. 
On  iuf.  Variation  of  Latitude,  VI,  by  Dr.  S.  C.  Chandler. 
Elements  of  Comet  a  1892  (Swift),  by  Miss  F.  Gertrude  Wextworth. 
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LATITUDE-DETERMINATION   AT   TJIK    SAYRE   OBSKU\  ATORY. 

Bv  C.   I..   DOOLITTLE. 


The  latitude  operations  which  have  been  carried  on  al 
this  place  consist  of  two  parts,  which  are  in  a  manner  inde- 
pendent of  each  other,  and  may  be  considered  separately. 

First,  observations  upon  a  list  of  sixty  pairs  of  stars,  ex- 
lending  in  time  from  1876  to  1890  inclusive. 

Secondly,  a  lisl  of  109  pairs  observed  1889   901 

sixteen  pairs  were  common  to  both  star  lists,  and  in  what 
follows  will  be  included  in  both  parts  <>!'  the  discussion. 

The  instrument  was  the  Zenith-Telescope. 

I. 

The  old  list  will  he  first  considered.  Communications 
upon  the  results  obtained  have  appealed  in  the  Astronomischi 
Nachrichten,  nos.  2260  and  3060,  and  the  Astronomical  Jour- 
nal, no.  146. 

The  di  st  til  hi  lion  of  the  observations  was  as  follows  : 


Year 

Obs. 

Year 

Obs. 

1876 

I  11 

[886 

1  65 

77 

178 

s.s 

121 

78 

12 

89 

17 

1885 

115 

1890 

393 

in  all,  1142.  A  number  of  the  older  observations  having 
large  level  corrections  were  excluded.  Cor  reasons  fully 
stated  in  AstronomiscJie  Nachrichten,  no. 3060. 


1   wish  it   undersl 1  thai  a  ureal  degree  of  accur: 

noi  claimed  for  the  old  observations.  Foi  reasons  partly  due 
to  the  instrument,  and  partly  to  my  want  of  experience  at 
that  time,  the  probable  error  of  a  single  determination  is 
large.  The  values  of  iliis  quantity,  as  found  from  the  vari- 
ous -.-i  ies,  ai  e  as  follows  : 


1876 

e  = 

1ST, 

.457 

1885-86 

.407 

1888 

.366 

1889-90 

0.234 

The  1142  separate  determinations  have  been  condensed 
to  form  the  :;  ll  values  which  follow.     A  much  greater  con- 
centration would  bave  resulted  from  a  combination  <>(  the 
results  t  ron  i  different  pairs  of  stars  obtained  at  about  tl 
time,  but  it  was  thought  best  to  exhibit  these  separately. 

The  weights  were  found  from  the   formula. 


t>   = 


except    ill   case   of    1888,  which   was   given    half   weight,   the 
not  ii m  \  ing  been  completed. 


i:  \  C, 

No. 

Epoch 

? 

■Jp 

B.A.C. 

No. 

Epoch 

¥ 

■Jp 

B.A.C. 

, 

2786 

1 

76.25 

1.33 

0.17 

2953 

1 

76.25 

1.90 

0.17 

5 

3.71 

2792 

1 

77. -27 

3.38 

.22 

■_> 

77.27 

3.40 

.31 

4 

- 

2 

78  22 

2.98 

.31 

1 

78.22 

1.48 

.81 

3 

86.28 

3.32 

0.12 

5 

3.49 

.55 

1 

0.17 

7 

90.26 

3.19 

1 . 1 3 

5 

90.27 

3303 

1 

1.23 

.11 

3 

90.83 

2.17 

0.71 

1 

90.84 

.85 

•_> 

.31 

4 

90.90 

2.94 

0.85 

3 

3.15 

•'.71 

3 
3 

.12 
-'.71 

2819 

3 

7(1. -27 

3.95 

0.30 

298  1 

2 

76.28 

3.73 

0  2  1 

2880 

•> 

77.27 

1.72 

.31 

3075 

l 

77.2'.' 

1.56 

2  2 

3871 

3 

2   7  1 

•> 

78.22 

3.72 

.31 

1 

78.22 

:.^u 

.44 

3425 

3 

- 

3 

86.28 

3.57 

0.42 

8 

90.25 

3.89 

0.74 

5 

3.61 

8 

90.26 

3.38 

1.21 

I 

4 

90.84 

3.10 

0.85 

8178 

2 

76.26 

8.81 

0  24 

1 

-.10. -.1(1 

2.76 

0.85 

3218 

2 

77.29 

4.59 

0.31 

71 
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B.A.C. 

No. 

Epoch 

<f 

■JP 

B   V.I 

.v.. 

Epoch 

f 

Sr 

B  \  i 

\,,. 

Epoch 

f 

■Jp 

3496 

3 

76.28 

3.17 

0.80 

1 

90.25 

L88 

0.43 

3 

90.1  1 

3.3  1 

0.74 

3534 

8 

77.27 

3.84 

0.38 

2 

90.33 

1.20 

11.60 

2 

90.19 

3.70 

0.60 

6 

86.29 

2.94 

.60 

6 

90.53 

3.58 

1.05 

4 

90.25 

3.18 

0.85 

171.". 
17:;:; 

2 
3 

76.29 
77.30 

3.70 

3.27 

0.2  1 

.38 

4 

90.59 

8.87 

0.85 

3652 

2 

76.28 

3.79 

0.24 

1 

77.17 

.",.30 

.22 

5523 

1 

71',.  31 

1.52 

o.l7 

3708 

4 

77.29 

8.71 

0.44 

5 

86.  1  1 

2.55 

.:>:, 

5617 

1 

77.:;  1 

3.76 

.22 

2 

90.25 

2.81 

.60 

4 

77.61 

3.92 

.11 

8748 

2 

76.27 

3.28 

0.24 

2 

90.32 

3.011 

0.60 

5 

si;. 5o 

l.2:i 

.55 

;;777 

2 

77.27 

2.37 

.31 

4 

'.10.26 

3.90 

0.85 

5 

86.29 

3.39 

.  •">  5 

1804 

2 

76.30 

2.60 

o.2l 

3 

90.26 

3  29 

.71 

4808 

3 

77.30 

4.61 

.38 

5596 

2 

76.61 

3.99 

0.24 

1 

90.34 

3.71 

0.43 

5 

86.  1  1 

2.6  2 

.  5  5 

5693 

2 

77.27 

1. 01 

.31 

3838 
386 1 

3 
4 
5 
3 
2 

76>28 
77.32 
86.29 
90.26 
90.32 

3.01 

4.05 
.",.72 
3.65 

3.75 

0.30 
.44 
.  5  5 
.74 

0.60 

4826 
1876 

2 
3 

6 

1 

2 

90.06 
90.11 

'J0.17 

76.2!) 
77.30 

3.30 

3.43 
3.50 

3.73 
3.03 

.60 
0.71 
1.05 

0.17 
.31 

571  1 

1 
5 
3 

2 
1 

77.61 
86.48 
90.29 

90.  I:> 

76.31 

1.98 

4.06 
3.68 
3.70 

3.96 

.22 

.:,:, 

.71 
0.60 

0.17 

3877 

3 

77.:::i 

3.59 

0.38 

1 

77.47 

i.:;;, 

.22 

5801 

2 

76.61 

5.2,1 

.2  1 

39]  1 

3 

86.36 

3.01 

.42 

3 

86.43 

3.16 

.4  2 

1 

77.28 

.22 

■") 

89  95 

2.93 

0.96 

3 

!»0.26 

3.26 

.74 

2 

77.59 

4.82 

.31 

7 

90.37 

3.48 

1 . 1 .". 

2 

90.32 

3.37 

0.60 

5 
5 

86.49 
86.61 

8.09 
3.95 

. .", .", 

3973 

3 

76.29 

3.60 

0.30 

4942 

3 

76.29 

3.44 

0.3,0 

1 

90.30 

1.20 

.43 

4010 

3 

77.27 

4.51 

.38 

4958 

1 

77.34 

5.5  1 

.22 

4 

90.49 

3.92 

0.85 

2 

86.36 

3.16 

0.35 

1 

77.47 

3. so 

.22 

5 

86.  1  1 

3.16 

.'\'i 

5874 

1 

76.3,1 

1.73 

0.17 

11  28 

4 

76.30 

3.91 

0.35 

3 

'.10.26 

3.49 

.74 

59  1  1 

2 

76.61 

l.l:; 

.22 

1111 

4 

77.29 

3.62 

.44 

2 

90.32 

3.52 

0.60 

1 

77.27 

•J.  06, 

.22 

4 

86.40 

3.27 

.49 

4 

77.60 

1.:;:' 

.44 

3 

89.97 

3.07 

.74 

5084 

1 

76.31 

4.66 

0.17 

2 

86.49 

4.1:1 

.35 

1 

90.05 

•2.65 

0.43 

5 1 5  7 

1 

77.27 

4.53 

.22 

5 

86.61 

3.98 

.  5  5 

6 

90.38 

3.39 

1.05 

3 

77.44 

3.33 

.38 

1 

90.30 

3.88 

.43 

4 

86.45 

3.11 

.49 

4 

90.49 

3.80 

0.85 

4222 

3 

76.28 

3.25 

0.30 

4 

'.10.27 

3.76 

0.85 

4267 

3 

77.31 

4.17 

.38 

5941 

2 

76.61 

3.5  7 

0.21 

1 

86.31 

2.64 

.24 

5115 

2 

76.30 

4.12 

0.24 

6006 

3 

77.63 

1   1 .", 

.38 

4 

86.40 

2.78 

.49 

5187 

2 

76.4  4 

3.70 

.24 

5 

86.50 

3.16 

.55 

1 

90.25 

2.53 

.43 

2 

77.30 

4.16 

.31 

4 

90.27 

3.52 

.85 

3 

90.34 

3.02 

0.74 

2 

77.44 

3.70 

..",1 

4 

90.60 

.",..",9 

0.91; 

5 

86.49 

3.32 

.55 

6 

90.66 

.",.12 

1.05 

4239 

1 

76.29 

2.65 

0.17 

1 

90.34 

.",.51 

.43 

4271 

1 

77.27 

3.69 

.22 

2 

90.52 

3.30 

0.60 

6005 

1 

76.31 

I.IO 

0.17 

2 

77.40 

3.46 

.31 

6079 

3 

76.61 

4.25 

.30 

1 

86.34 

2.31 

.25 

5194 

3 

77.14 

3.33 

0.38 

3 

77.62 

1.25 

.38 

4 

86.  I  l 

2.68 

.49 

5285 

5 

86.44 

2.72 

.55 

5 

86.49 

.",.50 

.55 

3 

89.99 

2.83 

.74 

3 

90.52 

3.82 

0.71 

1 

90.30 

3.84 

.43 

2 

90.06 

2.73 

.60 

4 

'JO.  HI 

.",.77 

0.85 

3 

90.38 

3.66 

.74 

5271 

2 

77.30 

2.87 

0.31 

4 

90.42 

3.15 

0.86 

52115 

1 

77.42 

2.39 

.22 

60.su 

2 

76.60 

2.86 

o.2l 

5 

86.49 

3.86 

0.55 

6114 

1 

77.6.", 

1.19 

0.22 

4300 

2 

76.28 

3.85 

o.2l 

6 

'.10.12 

3.11 

1.05 

U38 

3 

77..".:'. 

4.52 

.38 

1 

'.10  19 

2.93 

0.43 

6101 

5 

77.61 

4.4  6 

0.49 

4 

86.42 

3.95 

.4!) 

4 

90.50 

3.26 

.85 

6206 

5 

86.49 

3.31 

..">•", 

1 

90.25 

3.67 

.43 

5 

90.56 

3.15 

0.96 

2 

88.69 

:;.:,  7 

.27 

2 

90.34 

3.83 

.0.60 

5466 

1 

76.31 

1.5(1 

0.17 

4 

90.49 

3.69 

0.85 

4477 

4 

76.28 

4.62 

0.34 

^51  2 

1 

76.61 

2.20 

.17 

623] 

1 

76.31 

4.20 

0.17 

i  m 

2 

77.33 

4.75 

.31 

1 

77.28 

3.83 

.  2  2 

6818 

4 

76.61 

3.52 

.35 

1 

86.31 

4.86 

.26 

1 

77.61 

1.28 

.  2  2 

4 

77.60 

4.71 

.4  1 

5 

86.42 

4.05 

0.55 

5 

86.45 

3.20 

0.55 

5 

86.50 

3.21 

0.55 
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B.A.C. 

No. 

Epoch 

c 

■Sp 

B.A.C. 

No. 

Epoch 

9 

■Jp 

i;  U 

No. 

f 

■Jp 

4 

88.69 

::.\  i 

ii.:::i 

6901 

5 

76.61 

2379 

0.39 

'."|.3  1 

- 

1 

'.in.:;:; 

:;.-_'! 

.13 

6970 

1 

1.23 

.11 

4 

90.49 

3.50 

M.S.-, 

5 

85.72 

3.81 

.  3  3 

7679 

3 

5 

88.68 

3.37 

.13 

3 

77  7,: 

6421 

1 

76.:i  1 

5.67 

0.17 

5 

90.49 

3.72 

0.96 

6 

- 

6497 

1 

76  61 

3.02 

.17 

5 

1 

77.63 

3.18 

.  2  2 

707.", 

3 

76.61 

0.30 

4 

1.1" 

4 

86.50 

1  .  1  3 

.49 

7161 

2 

77.61' 

1.02 

..",1 

4 

85.73 

4.17 

.49 

■", 

l.i' 1 

.33 

3 

4 

88.70 

3.48 

.3'.! 

5 

88.68 

3.11 

.13 

777^ 

1 

77.77 

5 

90  50 

1.09 

0.96 

1 

90.49 

3.05 

0.84 

5 

3 

85.74 

2.94 

.43 

6  176 

2 

76.61 

2.85 

0.24 

3 

76.61 

1.40 

0.30 

2 

6491 

3 

77.62 

L89 

7171 

2 

77.62 

l.i'" 

.31 

3 

- 

5 

85.74 

3.85 

.55 

4 

■s3. 71 

.13 

4 

88.72 

.-,.4  2 

.3'.) 

a 

88.73 

3.52 

.13 

7843 

4 

0.35 

2 

90.31 

3.29 

.60 

4 

90.53 

3.74 

0.86 

2 

77.73 

1.02 

.31 

4 

90.37 

.",.:,  i 

.85 

6 

.60 

4 

90.69 

3.45 

.85 

7206 

3 

76.60 

3.96 

0.30 

1 

- 

5 

90.75 

3.47 

0.96 

73  1  1 

3 
5 

77.>;i 

85.73 

3.71 
3.17 

..",.", 

6 

3.31 

6528 

3 

76.61 

3.20 

0.30 

3 

88.68 

2.80 

.1.", 

3 

3.33 

6612 

4 

77.60 

3.85 

.44 

5 

90.50 

3.29 

0.96 

so77 

1 

3.1' 1 

.22 

3 

86.50 

3.20 

.42 

3 

77.76 

- 

- 

4 

85.72 

3.42 

.49 

7356 

•2 

3.93 

0.24 

3 

.33 

5 

88.69 

2.85 

.13 

7377 

■> 

77.60 

1.09 

.31 

1 

4 

90.53 

3.64 

0.85 

1 

85.72 

4.06 

.13 

1 

- 

5 

3£     - 

2.40 

.13 

1 

6585 

2 

76.61 

2.93 

0.24 

3 

90.49 

3.40 

.74 

6625 

3 

77. i'iL' 

l.l'.i 

.38 

■2 

90.53 

3.35 

0.60 

1 

7--,.,;i 

3.64 

o.l7 

5 

85.75 

4.16 

.  3 .", 

8083 

2 

77. .  . 

3.10 

.."1 

5 

88.73 

3.33 

.13 

7380 

3 

76.61 

1.17 

0.30 

5 

4 

90.49 

3.22 

0.85 

7438 

3 

77.61 

3.69 

.38 

3 

- 

.13. 

3 

•S3. 7  1 

3.03 

5 

90.64 

6697 

3 

76.61 

1.17 

0.30 

5 

2.54 

.43 

6740 

1 

77.61 

1.36 

.44 

3 

'.IO.I7 

3.64 

.96 

8195 

3 

76.61 

5 

85.73 

3.87 

.  5 .", 

5 

90.81 

.96 

8229 

3 

77.76 

L62 

5 

88.69 

3.13 

.43 

5 

90.89 

2.93 

0.96 

3 

3 

90.34 

3.'76 

.71 

3 

--     • 

3.3  1 

4 

90.39 

3.92 

.86 

7453 

3 

76.61 

3.12 

0.30 

6 

- 

.",.21 

. 

3 

90.71 

3.30 

.71 

7501 

1 

77.31 

I.M 

.11 

1 

90.51 

8.61 

4 

'.in. 77. 

3.71 

.85 

4 

S3.  73, 

3.1  1 

.49 

6 

1...3 

3 

90.81 

3.22 

0.96 

3 
5 

90.51 

2.7,0 
.",.23 

.13, 

0.96 

7 

90.92 

3.21 

1  .  1 .", 

6784 

2 

76.60 

I.:;:, 

0.1' I 

8272 

3. 

C830 

2 

77.62 

3.84 

.31 

7561 

3 

76.60 

881  1 

I 

1.13 

.11 

5 

85.73 

3.84 

.:>:, 

7.V.'7 

2 

77.60 

L98 

.31 

3 

- 

3 

88.68 

3.02 

0.43 

."■ 

S3. 7.", 

.",.72 

.12 

1 

6 

90.38 

.",.10 

1.05 

3 

2.11 

O.I3 

1 

• 

."> 

90.73 

3.32 

6 

90.48 

.",.3  7 

1.05 

6 

90.80 

2.88 

1.05 

3 

2.88 

o.7l 

- 

•_' 

7'-,  'M 

0.24 

5 

90.90 

o.7l 

1 

6789 

2 

77.6.1 

1 . 1 :, 

0.31 

1 

6836 

5 

85:74 

2.66 

. .", 3 

7.",  71 

3 

-•"> 

88.78 

2.62 

.43 

7643 

2 

77.77 

1.33 

.3,1 

3 

5 

'.Ml.  Ill 

3.111 

0.96 

3 

1 . 1  :• 

.33 

1 

7) 

R8.73 

3.25 

3 

Perhaps  ii  should   be  stated   that    the   declinations   air     ever,  as  this  was  done   fifteen  > 
those  of  Boss.     When  nol  taken  directly  from  his  catalogue     might  be  greatly  improved  by  a  P 

ili,\  were  earefnlly  reduced    to   the   -am,'   system.     How-      for  present    purposes   some    system   of    adjusl 
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have  been  employed  with  advantage.     It  bas  nol  been  done. 
bow  ever. 

Lei  </,         an  ass ed  value  of  the  latitude  for  1890.0, 

ir„  +  x  =  true  value  for  this  epoch. 

Then  the  value  of  <f  for  anj  epoch  t  is  assumed  to  be  of 
the  form      <f  =  <pa  +  x  +(t—  1890)3/  +  ycosl  B  I  ntf). 

Expanding  the  lasi  term  and  writ  ing 

;    COS   R   =   2  COS  lilt   =    C 

—  /sin  R  =  w  Bin  //(/  =  I) 

each  of  the  above  values  gives  us  an  equation  of  the  form 
•  \-Ty+Cz+Dw  —  n). 

If  we  kiii'«  the  velocity  with  which  the  axis  of  revolution 
revolves  about  the  geometrical  axis,  the  coefficients  0  and 
1>  would  be  known,  and  the  solution  of  these  equations 
would  be  a  simple  matter. 

For  the  results  of  various  hypothesis  tested  about  one 
year  ago  the  reader  is  referred  to  A.N.  3060. 

Assuming  Chandler's  hypothesis  as  given  in  No.  267  of 
this  Journal,  the  formula  for  the  latitude  at  any  epoch  t  be- 
comes, 

y  —  -in    36'  23".287  — 0".0482(J— 1890) 

— 0".255  cos  [75°. 4  +(t—T)  0] 
Chandler's  notation  being  employed.  The  value  of  6  for 
1.890  is  0°.797. 

From  my  equations  T  =  1890  45  days. 

<  ii  \mu  i  r's  formula  gives  T  =  1890  19  days. 

The  value  of  [/"•<■]  from  this  hypothesis  is  17". 91. 

The  smallest  value  obtained  by  any  other  hypothesis  was 
1 8".  53. 

The  secular  term,  however,  remains,  and  is  in  fact  some- 
what larger  than  that,  found  before.  It  is  evidently  not 
possible  to  represent  the  data  completely  by  any  single 
term  of  short  period.  The  mean  value  of  ip  from  all  obser- 
vations of  1876,  1877  and  1878  gives  <p  23".905,  while  the 
maximum  value  from  the  above  formula  for  1890  is  23". -Ml'. 

As  every  effort,  has  been  made  to  free  the  data  from  sys- 
tematic errors  the  persistence  of  this  term  would  seem  to  be 
of  some  significance. 

II. 

In  the  summer  of  1889  arrangements  were  made  for 
carrying  out  a  more  elaborate  system  of  latitude-observa- 
tion than  had  been  undertaken  previously.  The  old  list 
was  not  well  adapted  to  this  purpose,  for  different,  reasons. 
Moreover  a  number  of  pairs  had  already  become  unavailable 
through  precession,  and  others  were  approaching  the  limit. 
Accordingly  a  new  list  of  109  pairs,  embracing  the  entire 
24  hours  of  right-ascension,  was  prepared.  This  list  in- 
cluded 16  pairs  found  in  the  old  one.  The  remaining  stars 
of  the  old  list  were  observed  in  connection  with  the  new  one 
for  the  purpose  of  rigorously  connecting  the  two  series. 
These  results  have  been  given  above. 

The  micrometer-slide  was  fitted  with  five  threads,  num- 
bered   consecutively.      The   difference    between    consecutive 


threads  was  approximately  ten  revolutions  of  the  screw. 
Only  threads  II,  III  and  IV  were  ever  employed,  tin-  bisec- 
tion being  made  with  III  when  the  difference  of  zenith- 
distance  was  less  than  twenty  revolutions  of  the  screw  . 
The  distances  between  these  threads  were  determined  bv 
placing  them  in  succession  tangent  to  a  li\ed  thread  in  the 
field.  Frequent  repetitions  of  the  process  were  necessary, 
as  the  values  were  nol  quit  e  constant . 

The  value  of  one  revolution  of  the  screw,  together  with 
the  temperature-coefficient,  were  determined  from  observed 

transits  of  circumpolar  stars  near  elongation.  Thil  t  v-se\eii 
series  at   different   times  throughout   the   year  'ja\e 

R  =  [50".5022±".0027]  —  [".00037 ±".00026]  [F— t.r»°] 
/■'being  the  reading  of  a  Fahrenheit  thermometer. 

Through    the   ,• tesy   of   Captain    McNaih    and    Prof. 

Harkness  of  the  U.S.  Naval  Observatory,  I  was  enabled 
to  employ  the  measuring  engine  of  that  institution  in  an 
elaborate  series  of  measurements  of  the  screw,  for  the  in- 
vestigation of  progressive  and  periodic  errot  s. 

The  observations  extend  from  1889  Dec.  l  to  1890  Dec. 
1  '■'>  ;  each  pair,  with  two  exceptions,  being  observed  both 
evening  and  morning.  <  Inly  one  bisection  was  usually  made 
as  the  star  crossed  the  field;    the  level   (there  was  only  one) 

was  also  read  but  once,  and  in  most  cases  after  the  bisection. 

The  entire  number  of  determinations  of  tin-  latitude  is  1  145, 
824  from  evening  and  621  from  morning  observations. 

As  the    immediate   object    is    the    collection    of   data    for   a 

discussion  of  the  variations  of  latitude,  extreme  accuracy  in 
the  values  of  the  declinations  employed  is  nol  very  import- 
ant. An  investigation  of  these,  however,  formed  a  part  of 
the  original  plan,  anil  a  considerable  amount  of  material  has 
been  collected  for  this  purpose.  This  material  has  been  util- 
ized in  part,  and  with  a  few  exceptions  the  preliminary  decli- 
nations employed  probably  differ  but  little  from  those  values 
which  would  be  obtained  from  a    more   complete   discussion, 

but  they  have  not  been  reduced  to  a  homogem s  system. 

With  these  preliminary  declinations  the  latitudes  were 
computed  and  a  series  of  adjustments  carried  out.  after  a 
manner  aualagous  to  that  employed  elsewhere.  For  this 
purpose  the  observations  were  divided  into  groups,  as  shown 
in  the  following  table  : 


I.SS9   Dec. 

1  -  Dec. 

28 

1890  Jan. 

1  -1  -  Feb. 

6 

Feb. 

8  -  Feb. 

26 

Mar. 

6  -  Apr. 

5 

April 

7  -  Apri 

30 

May 

2 -May 

31 

June 

1  -  June 

29 

July 

5 -July 

31 

Aug. 

Sept. 
Oct. 

.".-Aug. 
1  -  Sept. 
1  -Oct. 

31 

•29 
31 

Nov. 

1  -  Nov. 

30 

1890  Dec. 

3 -Dec. 

13 

P.  M. 

22'. 3-  3'.1 
1.5-  5.4 
2.9-    6.4 

."..1  -  9.2 
7.:'  -  lo.T 
10.1  -  13.2 
12.:;-  16.7 
1  1.6-  17.6 
16.1  -  18.9 
17.5-20.5 
18.9-21.6 
19..".-  0.5 
23.4  -    0.5 


A.  M. 

■J.s-  12'.  6 
12.li  -  15.9 

14.0-  16.6 

15.6  -  I8..5 

16.7  -  19.6 
18.6  -20.8 
20.1  -  23.0 

22.1-  1.0 
0.6-  4.1 
2.3-  6.2 
4.2-  9.0 
6.5-  10.3 
8.8-10.3 
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Operations  were  begun  by  taking  the  mean  of  all  latitudes 
in  the  two  November  groups,  these  being  more  numerous 
than  in  the  ease  of  any  other  pair  of  groups.  The  difference 
between  this  mean  value  and  the  value  deduced  from  each 
pair  of  stars  separately,  gave  the  lirst  approximation  to  the 
correction  of  the  balf-sum  of  the  declinations.  These  cor- 
rections  then  gave  the  means  for  adjusting  the  overlapping 
groups  to  the  same  system.  Reference  to  the  table  will 
bIiow  that  these  include  either  evening  or  morning  groups, 
ami  in  some  cases  both,  as  follow-:  Dec.  1889;  March, 
April.  May,  June,  July.  September,  October  and  December, 
1890. 

Corrections  were  in  a  like  manner  obtained  by  carrying 
on  the  adjustment  from  group  to  group,  sometimes  through 
both  evening  ami  morning  observations,  sometimes  employ- 
ing only  one. 

In  this  way  a  first  approximation  was  obtained.  For  the 
second  approximation  the  mean  value  of  the  latitude  was 
obtained  from  each  group  separately,  after  applying  the 
corn  ctions  already  derived.  The  mean  of  the  morning  and 
evening  values  was  assumed  as  the  value  of  the  latitude  for 
each  pair  of  groups,  equal  weight  being  given  to  each.  The 
correction  to  the  half-sum  of  the  declinatio  b  pair 

was  then  derived  from  allot"  the  observations  on  this  pair, 
by  taking  the  difference  between  the  individual  values  in 
each  group  and  the  mean  value  of  the  latitude  for  that 
group.  The  mean  of  all  these  individual  values  formed  the 
second  approximation  to  the  required  correction  of  the  half- 
sum  of  the  declinations.  As  many  pairs  are  found  in  four, 
and  in  some  cases  five,  different  groups,  it  would  seem  that 
this  process  should  pretty  effectually  eliminate  errors  of  a 
sj  Btematic  character. 

The  operation    was  repeated   for  a   third,  and   in  some 
cases  for  a  fourth  approximation,  when  the  adjustmi  a 
found  complete;   that  is  to  say.  a  farther  repetition   did   not 
show   an  additional  correction  of  as  much  as  one   hundredth 
of  a  second. 

It    should    be    said    that    a    small    COnstait  'ii  was 

applied  to  all  values  in  order  to  make  the  algebraic  sum  of 
all  corrections  practically  zero. 

The  following  are  the  final  values  of  the  latitude  obtained 
from  the  different  groups  : 


.1 


1'  M .—  A.M 

1889   Dec 

10 

23*.  1 29 

1890   Jan. 
Keb. 

3.400 

4-    .017 
—  .033 

Mai. 

3.527 

—  .007 

April 

3.619 

—  .027 

Max 

3.542 

+    .019 

June 

3.529 

—  .087 

July 

3.539 

+    .010 

1890     lug. 

10 

36 

28.291 

•  0.026 

P  M.— A.M. 

1890  Sept. 

■ 

3.152 

—   .1 

Nov. 

—   . 

Dec. 

in  36   22.950 

—0.1 

Among  the  109   pairs  were  a   number  of  large  zenith-dis- 
which  it  was  thought  might  bi 
ing  whether  any  systematic  difference  in   refr:,.  I 
n  the  north  and  south  stars. 

There  were   also  a   few   pairs    for  which   the  differ.  I 
zenith-distance  was   20'  or  more. 

A  computation  has  been   mad.-  ex. -hiding  all  pairs 
zenith-distance  exceeds  30  .  or  whose  mid    1 
exceeds   20'.      Ill   deriving   the  values   of    the   latitude   from 
the  83   pairs  which    remain,  an   independent  adjustmi 
the   declination-  was   made,  so   that 
independent  of  the   stars  excluded.      These  values 
follows  : 


P.M.— A.M 

1889   D.-c. 

IIP 

36 

23.133 

1890  Jan. 

+    .136 

Feb. 

."..111 

_ 

Mar. 

3.503 

+    .016 

April 

3.616 

—  .006 

May 

3.552 

June 

—  .072 

July 

3.534 

— 

Aug. 

3.330 

Sept. 

+    .143 

Oct. 

3.157 

— 

\ 

3.101 

— 

1890     Dec. 

IP. 

— o 

The  differences   between   the  values  .1  and  /;  are    for   the 
part  quite  small,  that  for  June  being 
This  close  agreement  would  seem  to  show-  that  • 

able  errors  due  to  refraction  or  temperature  were  present. 

In  examining  the  series  A  and  /;.  the  sudden  drop  in  the 
value  for  August,  after  remaining  nearly  constant  f< 
months,  is  very  noti. -cable.  Referring  to  the  table  (| 
it  will  he  seen  that  the  declinations  employed  iii  the  afternoon 
observations  of  August  are  the  same  as  those  used  in  the 
morning  observations  of  March  and  April  :  while  those  em- 
ployed in    the   morning  work   of    August    are    I 

used   in  the  evening  WOI  >-  I  I 

An    examination    of    these    different  vah:    - 

with  the  smalliicss  of  the  difference  between  I 

and  evening  values    for  August,  will    show    that    tins    sudden 

drop  is  not  dm.  to  the  declinations. 

The    tabular   statement    which    fol 
the  latitude  from  each  d  ons,  those  for  evening 

acl  i 'niug  being  given  separately  : 
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N°  l'7  I. 


Date 

I'M. 

(lbs. 

\  M 

Oba 

Date 

r  \i 

(lbs. 

\  M 

Oba. 

Date 

I'M. 

01,.. 

\  \i. 

1889  Dec.   1 

:;.].-, 

17 

" 

1890  Apr.  Hi 

1 

3.  16 

;; 

1890  A.ug.  6 

."...-,  2 

7 

:;.l  1 

9 

•_< 

1 

11 

3.73 

5 

3.87 

x 

9 

3.00 

7 

1 

3.89 

9 

12 

3.46 

8 

3.64 

9 

10 

:;..",.") 

6 

2.96 

16 

16 

3.83 

7 

14 

3.26 

:; 

8.24 

12 

7 

8.07 

16 

3.18 

7 

18 

3.80 

8 

;;.:<2 

3 

15 

3.39 

8 

9 

3.02 

10 

:;.I7 

7 

21 

3.72 

6 

2d 

3.36 

1; 

11 

•J.  !i  7 

l'.i 

2.90 

9 

25 

3.28 

3 

23 

3.02 

8 

8.09 

11 

13 

3.23 

6 

28 

3.60 

6 

3.30 

2 

2  1 

3.52 

6 

•->:•> 

3.06 

6 

30 

3.36 

5 

3.26 

4 

27 

3.22 

5 

3.28 

9 

26 

:;.:;;. 

11 

30 

3.32 

6 

3.28 

in 

i'7 

3.24 

5 

2.65 

1 

May  2 

3.83 

3 

31 

3.23 

13 

28 

3.48 

7 

5 

3.:;  7 

6 

8 

.",..",1 

4 

3.72 

6 

Sept.  1 

3.57 

8 

3.16 

7 

L890Jau.  It 

8.20 

4 

1  I 

3.79 

5 

2 

3.40 

9 

17 

3.15 

5 

12 

.",.6  1 

6 

7 

3.25 

6 

18 

3.26 

11 

15 

3.49 

7 

18 

3.50 

11 

3.16 

8 

24 

.",.12 

2 

•16 

3.60 

5 

19 

3.16 

11 

i'7 

3.27 

9 

17 

3.70 

9 

21 

3.66 

5 

28 

3.50 

5 

3.34 

9 

20 

3.57 

2 

22 

3.33 

:i 

21 

3.67 

5 

2.", 

2.81 

5 

2.98 

10 

Feb.  5 

3.2  1 

12 

22 

3.51 

7 

3.20 

7 

25 

3.31 

8 

6 

3.51 

11 

3.39 

12 

2  7 

3.48 

7 

28 

3.43 

10 

.",.11 

10 

8 

3.43 

12 

28 

"..5  7 

6 

2:1 

.",.2  7 

10 

9 

3.43 

6 

31 

3.34 

5 

10 

3.38 

11 

Oct.   4 

3.12 

13 

12 

3.41 

15 

Juno   1 

3.53 

7 

8 

3.39 

10 

3.31 

10 

1.". 

.",.17 

9 

3 

.",.17 

7 

1  1 

2.89 

9 

3.05 

14 

16 

3.36 

4 

8 

3.73 

8 

15 

3.05 

11 

18 

3.29 

6 

14 

3.54 

4 

17 

3.35 

1  1 

20 

:;..-,o 

7 

15 

3.38 

9 

21 

.",.12 

10 

3.18 

1  1 

22 

3.49 

6 

18 

3.63 

7 

30 

3.13 

11 

26 

.",.20 

8 

19 

20 

."..Hi 
.",.61 

6 
6 

3.58 

6 

31 

3.1II 

10 

3.15 

9 

Mar.  6 

3.56 

8 

25 

3.71 

11 

3.53 

8 

Nov.  1 

3.11 

12 

7 

3.57 

8 

26 

3.52 

!l 

3.47 

6 

4 

3.11 

11 

8 

3.69 

10 

.",.57 

6 

27 

3.53 

5 

5 

:;.i  1 

15 

9 

3.53 

5 

29 

3.25 

11 

.",.61 

7 

13 

::  in; 

14 

3.05 

12 

17 

3.38 

2 

30 

3.18 

9 

3.93 

5 

14 

3.01 

15 

18 

3.41 

8 

21 

3.22 

16 

23 

:;.  1  1 

3 

July   5 

3.86 

11 

3.67 

6 

22 

3.19 

18 

•2.92 

8 

24 

3.56 

2 

6 

3.57 

4 

3.44 

7 

24 

2.96 

16 

28 

3.42 

3 

is 

3.38 

4 

3.55 

9 

25 

.",.117 

1 

29 

3.19 

8 

19 

3.75 

7 

,",.55 

2 

27 

3.08 

6 

20 

3.90 

7 

3.50 

11 

28 

.",.1  1 

14 

2.95 

3 

Apr.   1 

3.71 

6 

.",.70 

5  , 

21 

.",.51 

9 

29 

2.94 

14 

2 

3.62 

7 

3.37 

7 

22 

3.13 

8 

3.64 

8 

30 

3.07 

10 

3 

3.62 

3 

30 

3.25 

•", 

4 

3.48 

4 

31 

3.16 

7 

2.98 

1 

Dec.  3 

.",.22 

5 

5 

3.52 

11 

.",.5  1 

9 

10 

2.52 

1 

7 

3.40 

3 

3.61 

•1 

Auo.  3 

3.53 

5 

12 
13 

2.93 
2.87 

6 

6 

3.03 

3.12 

7 
5 

The  differences  between  the  evening  and  morning  values, 

:i  shown  in  table  A,  are  nut  large,  nor  do  they  follow  any 
verj  obvious  law.  It  seems,  however,  worth  the  while  to  as- 
eertain  whether  or  not  they  indicate  a  correction  to  Sum  \  1  's 
mi  of  aberration,  or  the  value  of  the  micrometer- 
screw  employed. 

Each  of  these  quantities  will  furnish  an  equation  of  the 
form     ax  +  by  =  n, 


where  .■■  =  a  correction  to  the  assumed  value  of  the  microm- 
eter-screw. 

y  =  a  correction  to  the  constant  of  aberration. 

a  =  the  mean  of  the  difference  of  micrometer-read- 
ings for  evening  ami  morning,  respectively. 

&  =  mean  difference  of  the  coefficient  of  aberration 
for  evening  and  morning. 

n  =  the  quantity  P.M.— A.M.  of  table  A. 
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Weights  were  assigned  proportional  t<>  the  Dumber  of  deter- 
minations in  the  respective  groups. 
The  thirteen    equations,   with    the    square    roots   of   the 

weights,  are  as  follow-  : 


■Jp 

■f    5 .3 \  x 

-1.173/    = 

=    —0.031 

0.69 

+   7.01 

—  1.14 

+   .017 

.61 

+   5.61 

—1.11 

—  .0i  :; 

.62 

+    -2.11 

—  1.03 

—  .007 

.-'iT 

—  4.66 

—1.06 

—  .027 

.57 

—  3.87 

+   .019 

.66 

—12.02 

—0.88 

—  .087 

.72 

—  4.00 

—0.99 

+   .010 

.71 

-    0.43 

—0.97 

+    .026 

.78 

+    2.42 

—  1.06 

+    .102 

.76 

+    2.83 

—1.08 

—  .050 

.71 

—  2.59 

—  1.07 

—  .004 

.71 

-   3.54 

—1.13 

—0.1 

0.35 

Sol'.  .  _  quations  in  the  usual  way.  we  find 

x  =  +".'  oi83 

y  =  +".00465  x  ".' 

Resulting  value  of  the  constant  of  aberration, 

20".4497  ±  ".0091 

It  may  not  be  out  of  p|  shortly 

to  begin  the  work  of  re-observing  this  li-t  of  -tars  in  a  man- 
ner similar  to  that  before  employed,  but  with  such  in 

in  the  building  and  instrument  as  I  bope  will  make 
possible  a  very  appreciable  advance  in  the  accuracy 
-  to  be  obtained. 

Beth  eh /'<..    1892   J-/;;.   I".'. 


NEW    VAEIABLE   OF    SHORT    PERIOD    IN     17.7.. I. 

37s,     —46°  55'.4     ;- 


The  following 
Pickering  : 


letter  has  been  received  from  Prof.  E.  C. 


•■Mr.  A.  W.  Robi  rts,  ■  >:'  Alice,  South  Africa,  desires  me 
to  announce  in  the  Astronomical  Journal  his  discovery  of  a 
short-period  variable  in  Vela.     The  star  varies  between  the 
magnitudes  7,.'i  ami  8.5  in  a  period  of    1.6  days,  incn 
in   brightness   for    1.x   days,  and    dei  >i    2.8   days. 

The  course  of  the  variation  i>  very  regular. 

■•  From  a  chart  -cut  me  by  Mr.  Roberts,  I  conclude  that 
this  variable  star  is  identical  with  8h  2802  in  the  Cordoba 
/.one  Catalogue,  where  the  mean  of  the  two  positions  for 
1875.0  is  8"  33™  37M,  —46"  55' 26".  On  examining  the 
photographs  taken  in  Peru  by  officers  of  this  observatory,  I 
find  five  upon  which  the  star  occurs.     Below  are  given  the 

1892  AiKjust  25. 


dates  and  Greenwich  mean  tin  photographs,  witli 

the  corresponding  magnitudes  of  the  star: 


9.6 


Hate 

G.M   1 

38       N 

18 

21.8 

1890   Apr. 

1 

13.8 

1890  May 

2 

14. o 

1892  May 

16 

12.0 

18  12   Mai 

17 

12.2 

9.3 


••The  scale  of  magnitudes  is  an  arbitrary  one.    Tin 
graphic  faintness  of  the  star  is   i  robably  due  t< 
color.     It>  variation  appears  t"  be  confirmed  bj 
graphs 


OBSERVATIONS   <>F  a    HEBCULIS, 

By  k.   HALL. 
Communicati  F.  V.  McNair,  Superintendent. 


1892.636 

31.0 

1892.644 

33.0 

1892.661 

;;■_'.:; 

0.87 

1892.61 

30.0 

0.90 

1892.651 

31.58 

0.835 

This  faint  and  interesting  pair  has  described  nine-l 
of  its  apparent  orbit  since   its  \  An  \\  i  i  irk, 

Mr.   l.i  t  ~'  HNI  ic  makes  the  period  to  he  forty  t' 


A.STEROID  L892    J. 
Under  the  arrangement  announced  on  p. 55  (No.  271)  of  the  Journal,  the  above  notation 
asteroid  of  the  twelfth  magnitude,  discovered  bj  Wolf  at  Heidelberg,  and  observed     \  I'm   sa.       \ 
in",  position  : 
1892  Aug.. 26'' 10h52m.0  Vienna  M.T.         a  =  22h  42     16',      8  =  — 10    22'.         Dailyjuotion,  —  44'  in  a,  t 


so 
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EPHEMERIS   OF   COMET  a  L892   mi///  , 

in 


liv   I  .  i.l.l;  I  IM  DE  WE 
The  following  ephomi  ria  was  computed  from  the  elemente 
in  the  laat  Dumber,  page  7'.'.  which  give  the  equatorial  co- 
ordinates i  1892.0), 


a;  =  (9.9229286)  r  Biu(349  3  36.  I  I  o) 
y  =  (9.9997811)  r  sin(257  52  20.5+v) 
2  =  ,  i     8in(84a     5  25.8  I  o) 

Comparison  with  Prof.  Frisbt's  observation  of  Aug.  15, 
gives  the  deviations  (0— C),  — 0*.8  in  re,  and  — 7". 6  in  8. 
This  close  adherence,  after  an  interval  of  seven  weeks  from 
the  date  of  the  lasi  observation  on  which  the  orbit  was 
based,  seems  to  furnish  additional  confirmation  thai  the 
conic  secti loes  nol  sensibly  differ  from  a  parabola. 


Ephembris  fob  Greehwich  Midnight. 


Gr. 

M.T. 

App.  a 

\pp.  s 

log  A 

Sep 

.  22.5 

(i   1  1     5.0 

■  in  31.6 

0.2883 

23.5 

12  50.7 

49   18.5 

24.5 

11   37.4 

-1!)     5.1 

25.5 

l(i  25.2 

18  51.3 

26.5 

9    14.2 

18  37.0 

0.2938 

Br. 


U.IIDII 


0.056 


Gr 
Sept 


Oct. 


27.5 


0     8     4.3        +48  22.5 


NTWUK'I 
M.T. 

28.5 
29.5 
30.5 

1.5 

2.5 

3.5 

1.5 

5 . 5 

6.5 

7.5 

8.5 

9.5 
L0.5 
11.5 
12.5 
13.5 
1  1.5 
15.5 
16.5 
17.5 
18.5 
19.5 

20.5 


App.  a 

0 

5  18.6 

1  13.0 
;;  38.9 

2  36.4 
1  35.5 

ii     0  36.3 

23  59  33.9 

58  13.2 

57  19.3 
56  56.7 
56  5.2 
55  15.4 
54  27.0 

58  lo.T 
;>■!  56.3 
52  13.7 
5  1  32.8 
50  54.0 
50  17.o 
19  12  0 
49  9.0 

23  48  38.1 


App.  fl 

■i  18     7.8 

17  52.7 

17  .".7.1 

17  21.8 
17     5.9 

16  19.8 

46  83.5 

16  17.1 
46     o.i 

15  13.6 

45  26.7 
45     9.6 

I  I  52.2 
44  34.7 

II  17.1 
13  59  5 
13  41.8 
13  24.0 
IS  6.1 
42  48.2 
12  30.2 

4  2  12.2 

+  41  54.7 


log  A  l!r. 


0.3000         0.053 


1070  .050 


.3146  .046 


.3230  .043 


.3320  .040 


0.3415         0.037 


REAPPEARANCE   OF   1953    T  AUR1GAE. 


A  cubic  dispatch  received  Sept.  2,  announces  the  reap- 
pearance of  this   variable    (the    so-called    Nova),     It    was 


oliservcil  as  9*.2  on  Aug.  21,  and  9".8  on  Aug.  31. 
tniiii  monochromatic. 


S] - 


COMET  (i  1892    (.BROOKS,  August 28), 
A  telescopic  comet  was  discovered  by  Brooks,  oh  Augusf  28.     The  following  arc  a 


the  observations  thai  have  come 


to  hand. 

M.T. 

Aug.    31    13   :>■">'  10    Norlhlicld 
Sept.     1    13     5   12    Cambridge 

1  13  ■•!!   50    Northfield 

2  14  .>S  13  Cambridge 
4  0  15  Greenwich 
4   15   25     7    Northfield 

The  conditions  make  the  determination  of  the  orbit  verv 
indeterminate  from  these  short  intervals.  A  computation, 
however,  indicates  an  earlier  perihelion  passage,  a  greater 
perihelion  distance,  and  a  smaller  inclination,  than  the  fol- 
lowing elements  by  Dr.  Berberich,  received  through  the 
courtesy  of  Mr.  Ritchie,  who  obtained  them  by  cable  for 
the  Science  Observer  circular. 


«                                 S 

i  Ibserver 

6  5ii.l  I              +31    40  38.9 

Wilson 

1)      1.66                  31    35  51.2 

Wendell 

9    15.83                 31    35   19.0 

Wilson 

11    42.48                   31    20   39.6 

Wendell 

14    41.70                    31    22   5o 

Barnard 

16   56.70              +31    17     8.7 

Wilson 

Gr.  M.T. 
T  =   1892  Dec.  19.69 

co  =  269  21  ' 
&  =  261      3 

Ephkmeris  inn  Gr.  Midnight. 

Sept.  13.5     6  39n32     +30   10 

17.5      6   50    11           -29   30 
21.5     7     2  20         28  4  2 

(    =     27   ..7 

25.5      7    14    28      +27   4  4 

q  =  0.6991 

C  O  N  T  E  X  T  S  . 
Latitude-Determination   u    iuk  Sayre  Observatory,  by  Prof.  C.  L.  Doolitii.k. 
New  Variable  ok  Short  Period  in  Vela. 
Observations  or-  «' llicncii.is,  by  Prof.  a.  Hall. 
Asteroid  1892   A.. 

Kphemkris  of  Comet  a  1892  (Swift),  by  Miss  F.  Gertrode  Wentworth. 
Reappearance  of  1953   Z'Aurigae. 
Comet  d  1892  (Bkooks,  August  28). 
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DISCOVERY    AND   OBSERVATIONS   OF    A    FIFTH    SATELLITE   TO   JUPITER, 

By  E.   E.  BARNARD. 


Since  .Inly  1  of  this  year,  I  bave  bad  the  use  of  the  36-inch 

refractor-oi i    aighl   each  week.     Pre>  -  1  had 

mi  regular  use  of  the  instrument,  and  the  observations  made 
with  it  were  dl'  specified  objects,  the  time  being  limited  to 
the  object.  Among  other  things  thai  I  bave  devoted  the 
instrument    toon   my  nights,  wi  h   for  uew  objects. 

Several  of  the  nights  bave  been  had.  ami  have  more  or  less 
limited  the  invesl igal  ■  us. 

Nothing  of  special  importance  was  red  until  the 

night  of  September  9,  when,  in  carefully  examining  the  im- 
mediate region  of  the  plan.!  Jupiter,  I  detected  an  exceed- 
ingly small  star  Close  t"  the  planet  and  near  the  3d  satellite. 
I  at  once  suspected  this  to  he  a  new  satellite.  I  at  once 
measured  the  distance  ami  position-angle  ol   the  objecf  with 

ace  to  satellite  111.     1  then  tried  to  get  measun 
ferred  to  Jupiter,  bill    found    that    one   of   the  wires   had   gol 
broken  oul  and  the  other  loosened,     lief  ore  anything  further 
COUld  he  done  the  objed  disappeared  in  the  glare  about   Ju- 

Though  1  was  positive  the  objecl  was  a  ue«  sat 
I  had  only  the  one  >et  <>f  measures,  which  was  hardly  proof 
enough  for  announcement . 

I  replaced  lie1  wires  the  nexl   morning.     The  next  night 

with  the  great   telescope  being  Professoi   Schaerekle's,  he 

very  kindly  gave  the  instrument   up  to  me,  and   1  had  the 

verifying  the  discovery,  and  secured  a  good  set 

of  measures  at  elongation.     In  these  observations,  and  those 

of  the  si eeding  night,  only  distances  from  the  following 

limb  of  Jupiter  could  be  measured.  These  were  observed 
with  the  wires  set  perpendicular  to  the  belts.  The  planet 
was  thrown  outside  the  field,  the  satellite  bisected,  and  then 
the  limb  brought  in  and  bisected  also.  This  method 
not  permit  any  measures  from  the  poles  of  the  plau 
latitude.  (In  the-  12th,  1  inserted  a  strip  of  mica,  carefully 
smoked,  in  front  of  the  field-lens,  for  occulting  the  planet. 
Tin-  served  admirably,  permitting  the  satellite  and  planet  to 
hr  both  seen  at  hint,  and  measures  from  the  polar  limbs 

COUld    he    made    with    ureal    ease.      Till  itions    of    the 

satellite  from  the  12th  were  all  thus  made. 


To   avoid   any  personal  equation,   I   ha\  night 

measured  the  diameters  of  the  planet,  foi 
the  observations  to  the   center  of  Ji  5       e   the   12th, 

these  have  been  measured  through  the  smoked  mica, 
to  avoid  introducing  any  error  from  the  reduced  brig 
of  the  planet.  The  diameters  were  measured  by  the  m 
of  double 

Just  what  the  magnitude  of  the  satellite  is.  it  is  at  | 
(piite  in.  i  tell.     Taking  into  consideration 

sition.  however,  in  the  glare  of  ./■  ,  Id,  perhaps. 

not  be  fainter  than  the  thirteenth   magnitude.     It  will  only 

ttle  this    question  with  any  certaii 
waiting  until  some  small   star  of  the  same  magnitude  i~  seen 
close  to  .     ad  then  after  determining  its  magnitude 

when   away    from   the   planet.      In   general   the   satellii 
been  faint  —  much  more  difficult  than  the  satellit 
On  the  13th  iust.,  however,  when  the  air  was  ven  clear,  it 
w:i-  quite  easy. 

It    is  Scarcely  probable  that  this  satellite  will    he  seen   with 
anything  less  than  26  inches,  and  only  with  that  undi 

I  give  hen  itions  that  I   have  so  far  obt 

and  defer  ai  J  •  a  name   until  a  later   | 

ainly  should  not  disturb  I 
in  the  Roman  numerals  already  applied  to  5.     It 

i-  -i  wholly  different  from  any  of  tin  ms  in  physi- 

cal aspeet.  that  it   ought,  in  a  sense,  to  bi 
pen. lent  of  them,  ami  simply  be  called,  say.  the  fil 
with  a  suitable  mythological  name. 

It   will  he  seen  that,  on  three  of  the    datl 
the  east  elongation  is  well  covered  in  the  meas 

servations 

values  of  the  distam  lined  : 

• 

1  12250  miles. 

: 

miles 


Sept.  I0(apparent   I 

\-J         ■■  61.55 

II         ••  6 
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Prom  these  the  following  periods  result,  using  the  well- 

kllOfl  n    I'm  inula  : 

fm    i; 

'  '/    r 


,-,j| 


m  being  the  mass  of  the  earth,  .'/  that  of  Jupitt  r,  and  r  and 
/■  the  distance  and  period  of  our  , 

Sept.  1 0  the  observations  give  period  -—   11     47.6 

12    ••  •■  ••  =   11     52.3 

1  I    ••  ••  "         "       —   11     49.0 

Mean 


11     49.63 
The  observations  are  all  in  the  Standard  Pacific  lime,  (8 

hOlll'S  slow  of  (  liven  wicli ) . 

The  value  of  the  micrometer-screw  used  in  these  observa- 
tions i»  9". 904.  No  correction  has  been  applied  for  re- 
fi  action. 

After  the  llih  inst.,  the  micrometer  was  removed  before 
oi  after  the  observations  on  each  night.  Ii  was  also  re- 
moved on  the  morning  of  the  loth  to  replace  the  wins. 
This  will  account  for  the  apparent  changes  of  parallel. 

1892  Septi  <»;"  i-  9. 

Measures  referred  to  Satellite  III. 

Direct  Distance. 


Coincidence  of  micrometer-wires,  29'.flb8. 

New  wires  [nit  iii  this  moi  ning. 


12    13  33  28.670 

12  14   58  28.649 


For  Position-Angle. 


28.58 

28.79 


12   19  31 

125.0 

295.8 

12   21    28 

125.1 

295.9 

12  31    40 

129.7 

300.5 

12  33  43     j     131.1 

301.9 

Parallel  =  279° 

.2 

Direct  Distance. 

12  41    23 

29.241 

22.92 

12  43  48 

29.274 

22.  GO 

12  47  33 

29.341 

21.93 

Coincidence  of  wires,  3P.556. 

1892  September  10. 
Measured  equatorial  diameter  of  Jupiter  (by  double  dis- 
ta  ice),  is". 93. 

Tlie  half-value  of  this  has  been  added  to  the  measures 
from  the  limb,  to  reduce  the  observation  to  the  center  of 
/..|«7,  r. 

For  position-angle  of  belts  : 
Circle  reading  =  255°. 8  (3  obs.)      Position-angle  =  67°.  1. 
Parallel  =  278°. 7  (2  obs.) 


si  andard 

Micrometer 

Diet,  from 

l'nci 

tie  Time 

readings 

fromcenter 

1.' 

26.250 

27.25 

51.,  2 

1  1 

17   30 

26.183 

27.9  1 

52..;: 

11 

19     o 

26.097 

28.77 

53. 2S 

11 

52     0 

26.073 

29.00 

53.46 

11 

52  25 

25.H65 

29.08 

53.54 

11 

5  25 

25.715 

32.55 

57.01 

12 

7   20 

25.681 

33.38 

57.84 

12 

1  1   28 

25.686 

32.84 

57.. 'ill 

12 

20  30 

25.419 

35.48 

59.94 

12 

23    10 

25.494 

34.74 

59.20 

12 

26    10 

25.413 

35.54 

60.00 

12 

32  30 

25.408 

12 

35  30 

25.384 

35.83 

y> 

39  35 

25.395 

35.73 

60.19 

12 

11   ::n 

25.330 

36.37 

12 

15   10 

25.366 

36.01 

60.47 

12 

48    10 

25.345 

36.22 

60.6s 

12 

50  30 

25.198 

37.68 

62.1  I  ■ 

12 

54    10 

25.319 

36.48 

60.94 

13 

1    m 

25.284 

36.88 

61.29 

13 

1     n 

25.370 

35.97 

60.  13 

13 

6  25 

25. 175 

34.93 

59.39 

13 

9   23 

25.427 

35.41 

18 

11     5 

25.421 

.".5.17 

59.93 

13 

19  20 

25.502 

34.67 

59.13 

13 

22    13 

25.534 

34.35 

58.81 

13 

23    IT 

25.657 

33.13 

57.59 

13 

25    15 

25.660 

33.10 

57.56 

13 

27  3i 

25.707 

32.64 

57.10 

13 

29    15 

25.699 

32.72 

57.18 

13 

3 1     5 

25.712 

32.59 

.'•7-1 15 

13 

34    22 

25.891 

30.81 

55.27 

13 

35  57 

25.903 

30.70 

55.16 

13 

37  33 

25.857 

31.15 

55.61 

13 

38  43 

25.896 

30.76 

55.22 

13 

40  25 

2  5.1  CO 

30.53 

54.99 

13 

12  37 

25.950 

30.23 

54.69 

13 

46      1 

26.099 

28.76 

5:1.22 

13 

17    in 

26.031 

29.43 

53.89 

13 

51   35 

26.234 

27.42 

51.88 

13 

5  1   5 1 

26.275 

27.01 

51.47 

13 

57  41 

26.434 

2  5.3  i 

19.80 

13 

59      7 

26.451 

25.27 

19.73 

14 

1      5 

26.490 

24.88 

19.34 

14 

5     0 

26.676 

23.04 

47.50 

14 

7   5  1 

26.831 

21.51 

45.97 

14 

11     0 

■V.-s,-, 

20.97 

15.  i: 

•Reject. 

1892  Septi  mber  11. 
For  position-angle  belts: 
Circle-reading  =  255°. 4.  Position-angle  =  66° 

Parallel  =  278°.  7  (2  obs. ) 
Coincidence  of  wires  =  28r.998. 
Measured  equatorial  diameter  of  Jupiter,  l'.'".l  1. 
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Standard 

Micrometer 

Dist.  from 

1  (istance 

Pacific  Time 

readings 

f  limb 

h       in       s 

12  27     •-' 

2o.r359 

36.03 

12  35   12 

36.16 

60.71 

12  38   17 

25.265 

36.96 

61.51 

12    11    35 

25.230 

37.31 

61.86 

12    1  1     6 

25.262 

36.99 

61.54 

12    16  37 

35.78 

12  48   M 

25.286 

36.76 

61.31 

12  52  32 

25.429 

35.25 

59.80 

12  54    17 

25.373 

35.89 

60.44 

12  56     4 

25.393 

35.70 

60.25 

1 3     <  1     7 

25.432 

35.22 

59.77 

13     1    28 

25.447 

35.16 

59.71 

13     3     2 

20.4  77 

34.86 

59.41 

13     4   30 

25.515 

34,49 

59.04 

13     7    19 

25.595 

33.70 

58.25 

13     St  21 

2 5.5 51 

33.14 

57.69 

13   1"  57 

2  5 .  5  1  7 

34. 1 7 

58.72 

13   13    13 

25.535 

34.29 

58. 94 

13   15    11 

25.540 

34.24 

13   17  42 

25.555 

34. Oil 

58.64 

1892  September  12. 
Observed  polar  diameter,  46". 01. 

The  half-value  of  tins  liu>  been  used  in  deducing  the  ap- 
parent .1"\  icentric  latitudes. 

Measured  equatorial  diameter  of  Jupiter,  18".97. 
Position-angle  of  the  licit*  : 
Circle-reading  =  255°.  1  (  5  obs.  i        Position-angle  =  66°. 7 
Parallel  =  278°.7 
Coincidence  of  wires  =  29r.00O. 


adard 

Circle 

Dist.  from 

Distance 

Pacific  Time 

readings 

f.  limb 

from  center 

h        in        a 

1 2     3      1 

34.75 

59.23 

12      1  56 

33.62 

58.10 

12     6  20 

32.393 

33.60 

12     7  27 

32.504 

34.70 

59.18 

12     9   22 

32.562 

35.18 

59.66 

12   11      0 

32.612 

35.77 

60.25 

12   1  •-'    11 

35.24 

5  !i.  7-2 

12   13  53 

32.629 

35.93 

60.41 

12    16    11 

32.625 

35.89 

60.37 

12   17  56 

32.723 

36.86 

61.34 

12   19    16 

32.550 

12  20    16 

32.641 

36.05 

i;o.;,:; 

12  22     8 

36.03 

61 1  a  1 

12  23    12 

32.730 

36.93 

61.41 

12  24     3 

32.685 

60.97 

12  25     7 

32.694 

36.58 

61.06 

L2  26  31 

32.740 

37.03 

61.51 

12  28  51 

32.687 

36.51 

12  30   16 

32.718 

36.82 

61.80 

12  31    m 

32.747 

37.10 

61.58 

12  32    16 

32.750 

37.13 

12  34   23 

32.752 

37.15 

61.68 

12  36   11 

32.683 

36   17 

60.95 

12  3  7  50 

32.783 

87.46 

61.94 

5        lard 

Circle 

Dist.  from 

Pacific  Time 

f.  limb 

:-*"*  1 6* 

6l'.36     ! 

12   10  53 

61.80 

12    12  31 

32.731 

- 

12  43    11 

37.36 

12  45   19 

32.660 

36.24 

12     i- 

32.707 

36.71 

61.19 

12    19 

32.780 

36.04 

61.42 

12  51     4 

32.647 

36.11 

12  52    11 

60.54 

12  54    18 

32.660 

36.24 

60.72 

12  56     1 

36.23 

60.71 

12  58 

13     2     1 

32.525 

13     3.48 

32.529 

35.04 

13    ; 

35-70 

- 

13     6     6 

34.46 

58.94 

13     7    11 

32.506 

84.72 

13     9     6 

32.542 

13   lo  29 

32.412 

33.79 

13  11   56 

32.404 

33.71 

13    13  21 

32.348 

33.15 

13   11   57 

32.363 

33.30 

13    17  27 

32.71 

57.19 

13  20     6 

32.281 

32.49 

56.H7 

From  North  Pole. 
Stand.  Pac.  Time   Circle  read'g 


11  13  31 

11  46    18 

11  49  28 

11  50  58 


11  53  10 

11  54  23 

1 1  ;,;,  :;;; 

1 l  56  28 


13  81  3 

13  32  21 

13  33  20 

13  34  31 

13  35  16 

13  37  56 


13  4  1  48 

13  13  81 

13  II  II 

13  15  12 

18  15  36 

13  16  I 

18  17  11 

13  18  12 

13  I-  !'.' 

13  19  17 

13  51  22 

13  54  36 


22.13 
22.05 
22.40 


S    nth    Pole. 


26.574 


23.81 
23.43 
28.57 
24.01 


From  North  Pole. 


31.554 
31.619 
81.533 
81.579 
31.506 

31.514 


25. -J!' 

25.08 

25.51 

24.81 
26.31 
24.89 


From  Soutb 


26.931 
26.948 


20.11 
20.49 
20.49 

20.71 
20.61 


•      S7 

- 


■ 
+  1.01 


- 
-1.81 


-2.51 
-2.16 


SI 
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1892  Septi  ruber  13. 

For  position-angle  of  belts  : 

Circle-reading  =  257  .(  I  obs.)         Position-augle  =  6'i 
Parallel  =  279  .8. 

\l   asnred  pel:.!'  diameter,  16".  i". 
( Coincidence  of  «  ires,       28r.995. 


1892  Septi  mber  13. 
Stand.  Pac.Tirae  Circle-read'g  U  J 


L2     9  38 

„  26.637 

23.35 

+  0.30 

12    10   L9 

26.625 

23.47 

1  0.42 

12    12  ".l 

26.609 

1  0.58 

12    Is  ::i 

26.633 

23.39 

12  20     7 

26.634 

23.38 

+  0.33 

From  North  Pole. 


12  23  22 

31.307 

22.89 

+  il.  Hi 

12  26   17 

31.321 

23.03 

f  0.O2 

12  29     8 

31.479. 

24.60 

— 1.55 

12  31    12 

23.38 

— 0.:;;; 

12  35   17 

31.394 

•-'■'1. 7. "1 

—(1.70 

12  36    is 

31.297 

22.79 

+  0.26 

Wind  shaking  telescope  ba< 


Reject. 


From  South  Pole. 

1-2  53  32 

26.730 

21.93 

— 1.12 

12  .VI     2 

26.707 

22.66 

— 0.39 

12  55     9 

26.745 

22.28 

— 0.77 

12  :.5  37 

2D.  77!i 

21.94 

—  1.11 

12  56  -10 

2i;. 721 

22.52 

—0.53 

12  7)7  24 

26.661 

23.11 

+  0.06 

From  North  Pole. 


31.324 

:;  1.112 

31.474 
31.399 
31.425 

31.308 


23.06 
23.93 
24.55 
23.  s.i 
24.06 
22.90 


—0.01 
—0.83 
—1.50 

—0.75 
—1.01 

+  0.16 


Very  high  wind. 
possible. 


Telescope  shaking.     No  measures  of  di 


1892  September  14. 
Position-angle  of  belts: 

Circle-reading  =  256  .7  (3  obs.)       Position-ant 
Parallel  =  279°. 7  (8  obs.) 
Measured  polar  diameter,  45". 95. 
Measured  equatorial  diameter,  49". 18. 
Coincidence  of  wires  =  29r.007. 


67°.0. 


From  North 
Stand. Pac. Time  Circle-read'g 


Standard 

DM.  from 

Distance 

Pa< 

1  1 

f.  limb 

fi center 

25.638 

1  1 

50     .. 

25.589 

58.44 

!  1 

53     0 

25.565 

34.08 

1  1 

5 1     2 

25.561 

34. 1  2 

5s.  71 

1  1 

55    15 

25.4  III 

35.23 

1  1 

57    16 

25  122 

35.50 

60.09 

12 

11     3 

25.460 

35.12 

59.71 

12 

2  36 

25.391 

35.81 

60.40 

12 

25.120 

35.52 

60  !  1 

12 

1   30 

25.384 

35.87 

60.  16 

12 

25.331 

36.40 

60.99 

12 

8     5 

25.  21  il 

36.77 

61.36 

12 

in   in 

25.339 

36.32 

60.91 

12 

12      1 1 

25.361 

36.10 

60.69 

12 

14      5 

25.318 

36.53 

61.12 

12 

15  22 

25.308 

36.63 

61.22 

12 

16  20 

25.293 

36.78 

61.37 

1-2 

17   27 

25.2:i:i 

36.72 

61.31 

12 

18  48 

25.269 

37.01 

12 

19  52 

25.209 

37.61 

62.20 

12 

20    15 

25.305 

36.66 

61.25 

12 

21   37 

25.285 

36  86 

61.45 

12 

23   12 

25.201 

12 

2 1     8 

25. 253 

37.17 

61   7-: 

12 

25    15 

25.269 

.".7.01 

61.60 

12 

26  25 

25.313 

61.17 

12 

2  7  35 

25.282 

61.47 

12 

28  30 

25.222 

37.48 

62.07 

12 

29  25 

61.35 

12 

30  25 

25.329 

36.42 

61.01 

12 

31    25 

25.282 

36.88 

il  1  .  1  7 

12 

32  35 

25.275 

36.95 

61.54 

12 

36   15 

25. 2  10 

37.30 

61.89 

12 

39  25 

25.395 

35.77 

12 

10  25 

25.27:1 

36.97 

61.56 

12 

11   37 

25.343 

36.28 

60.87 

12 

II    15 

25.468 

35.04 

59.68 

12 

45    15 

25.380 

35.91 

12 

17   12 

25.459 

35.15 

59.74 

12 

is  25 

25   lis 

35.54 

60.13 

12 

49  28 

25.439 

35.24 

59.83 

12 

50  20 

25.4  26 

35.46 

60.05 

12 

51   50 

25.390 

35.82 

60.41 

12 

52    15 

25.426 

35.46 

60.05 

12 

.'1 1     ."1 

25.519 

34.54 

59.13 

12 

5  1   55 

25.487 

34.86 

59.45 

12 

56   15 

25.558 

34.15 

5S.74 

12 

56  50 

25.531 

34.42 

59.01 

13 

11  40 

2. "..624 

33.50 

58.09 

13 

1    45 

25.571 

34.02 

58.61 

U-3 


11      1   30 

31.155 

21.27 

+  1.70 

11     3  37 

31.139 

21.11 

+  1.86 

11     4   45 

31.145 

21.17 

+  1 .80 

11      6   17 

31.094 

20.67 

+  2.30 

117     6 

31.108 

20.80 

+  2.17 
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From  South  Pole. 

Stand.  Pac.Timi 

Circle-read'g 

U 

11     8    18 

•-'^379 

26.02 

11    :i  12 

26.481 

25.01 

11    in   2.". 

26.453 

25.25 

+  2.28 

nil  2.". 

26.475 

25.07 

+  2.10 

11    13   50 

2(1. 171) 

25.03 

+  2. 00 

From  North  Pole. 

13    10   4:> 

31.171 

2l.Hl 

—1.43 

13    18   18 

31.483 

2  1..".  2 

—  1 .55 

13    19   20 

31.17.". 

21.11 

—  1.47 

13  20  15 

31.523 

24.91 

—1.94 

1.",    21     ID 

31.465 

24.34 

—  1.37 

From  Sout 

,  Pole 

13  22  45 

21.::.; 

—  1.01 

13   23  42 

26.790 

21.89 

—  1.08 

13  2  1   30 

21.56 

—  1.41 

13  25  30 

26.890 

—2.01 

13   26    12 

26.824 

21.62 

—  1.3.". 

From  Nort 

13  38   20 

24.61 

—  1.01 

13  39   20 

31.536 

25.04 

—2.07 

13    in  20 

31.529 

24.97 

—  2. no 

13    11    in 

31.529 

24.97 

—2.00 

13    12   .",2 

3,1  533 

25.01 

—2.04 

From   Sout 

1    Pole. 

13    11   20 

26.883 

21.03 

—1.94 

13  45  25 

26.895 

—2.10 

13    16   L5 

26.949 

—  2.. V.l 

i:;   17     5 

26.884 

21.n2 

—1.95 

13    17   55 

21..".  1 

—1.43 

From  Nor! 

13  •")!)  50 

31.583 

25.51 

—2.54 

11      0  50 

31.641 

26.08 

—3.11 

11      2      7 

31.545 

25.13 

—2.10 

From   Sout 

■  Pole. 

1  1     3      7 

26.912 

20.76 

—2.21 

1  1      1      2 

26.895 

20.91 

—2.06 

1  1      !   50 

26.940 

20.47 

—2.50 

Fron 


1892  SepU  mber  16. 

Sky  thick  and  the  satellite  extremely  difficult  throughout 
the  observations. 

.1//.  Hamilton,   1892  September  17. 


11 

16 

35 

21.65 

11 

18 

17 

31.1  .V.i 

11 

19 

•".7 

31.101 

11 

21 

20 

31.156 

11 

25 

57 

25.31 

11 

•J7 

12 

24.1  1 

1 1 

27 

11 

32 

17 

11 

35 

55 

+  1.10 

oiucide 

ice 

of  wi 

•es=  2:' 

In  all  the  measures  from  the  polar  lin 
carefully  adjusted  parallel  u>  the  I 

e  simply  the  difference  between  t. 
and  the  measured  polar  semi-diameti 

In    the    equatorial    distances,   tin-    win-  .fully 

placed  perpendicular  to  the  belts   (by  tin 
and  the  final   distances   from    the  center  are  ti 
ing  liinli  pli  • 
ai-diameter. 


-      i    lard      . 

Circle 

I)i>t.  from 

s 

f.  Limb 

center 

Hi 

11    53     12 

25.370 

11    55  3.7 

25.479 

2.1. 'J  2 

11    56    17 

35.61 

1 2     7     2 

37.1  1 

12     9    17 

3.0.-1-1 

12   11   37 

25.280 

12    11    21 

12    10      0 

37.01 

12    17   37 

2. V221 

37.  18 

12   20  29 

25.175 

12   28  33 

Satellite  l<.>t  h.re  iii  the  thickening  sky. 

I    e  latitude-measures  of  the  satellite  show  tl 
lies  in  the  plane  .>•  equator,  and  consequently  that 

the  satellite  is  a  very  .3.1  member  ol 
it  would  doubtless  take  ages  for  the  orbit 


.OCCULTATICXN    <>K    MARS, 

Bl    i:    FRISBY. 

I  observed  the  first  and  second  < tacts  of  the  occupation  of  Mors  on  Sept.  3.     The  moon  n  for  the  third 

and  fourtl tacts,  being  obscured  by  o  tree  near  the  horizon. 


Washington  M.T. 


l-t  Contact 

I       1.1 


2d  Contact 
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ELEMENTS   AND    EPHEMERIS  OF  COMET  d  1892   bh ks), 


By  Rev.  G.  M.  si.  \i;u; 

I   1 1 .- 1  \ . ■  computed  the   following   elements  of  this  comet 

from  iIm'  observations  by  Wendell  on  Sept.  I.  and  I 

my  own  on  Sept.  16,  using  the  ratio  of  the  distances  result- 
ing from  Bekbeiuch's  orbit.  Barnard's  observation  of 
Sept.  I.  using  either  the  time  of  the  Science  Observer  circu- 
lar, or  that  of  the  Astronomical  Journal,  does  not  seem  to 
be  very  well  represented,  being  about  I' in  error;  but  an 
observation  made  by  me  on  Sept.  28  gives  residuals  of  only 
— 9"  and  +32".  It  seems  hardly  worth  while  at  present  i<> 
attempt  any  further  approximation. 

T  =   D*c.  28.0870  Gr.  M.T. 


to  =  252  2  1    18 
Q,  =  264   29    18  ' 


.1) 

i  =     21    17  32  \ 
log  q  =  9.991  557 


The  perihelion  distance  is  as  yet  quite  uncertain, 
following  are  the  i rdinate  formulas. 

x  =     9.95S  I35]r  sin(u  1-241 

y  =  [9.975859] r  sin(u+147   17     2) 

z  —  [9.723137]r  Bin(«  4  203  52   18) 

Ephemeris  fob  Greenwich  Midnight. 


The 


App.  a 


App.  ,s 


log  A 


Oct.  4.5 

7 

39  21 

+  25  24.6 

5.5 

4  2   27 

25     5.2 

0.1862 

6.5 

to  35 

24    15.2 

7.5 

48  44 

24   24.6 

.1752 

8.5 

51    51 

24     3.3 

9.5 

7 

55     6 

+  23    11.2 

0.1641 

3.50 


4.10 


OBSERVATIONS   OF   COMET  d  1892  (brooks,  August  28), 

MADE    VI    HIE  GOODSELL  OBSERVATORY  OF  CARLETON  COLLEGE,   NORTH  FIELD,  MINN. ,  WITH  THE   1G-INCH   EQI    tTOKIA]     IND  FILAR-MICROMETER, 

By  II.  C.   WILSON, 
Communicated  by  the  Director,  Wm.  W.  Payne.] 


1892  Northfield  M.T. 

* 

No. 

( '.imp. 

Ja 

-* 

S^'s  apparent 
a                         S 

log 

lor  a 

for,! 

Aug.  31      13  55    10 
Sept.    l     13  34  50 

1      13  :;i   50 
1      13  34   50 
4     15  25     7 
4     15  25     7 

1 
1 
2 
3 

1 
5 

9  .  -1 
9  ,  1 
i'  ,   1 
9  .  4 
9  .   1 
9  .   1 

+  0  50.27 
+3   15.79 
+  1    26.19 
—0  19.90 
+  2  55.31 
—0   10.93 

+  0   27.1 
—4  54.1 
—6   52.7 
+  0    11.0 
— 5   25.7 
+  0   19lo 

6  06  50.4  1 

6  09   16.00 
6  09   15.82 
6  09   15.67 
6   16  56.70 

4  31    1"  38.9 
+  31    35    17.7 
-f  3)   35   18.3 
f-31   35  21.0 
+31    17  08.7 

)t9  691 
n9.694 

„:t  694 

«9.622 
n9.622 

0.680 
0.704 
0.704 
0.704 
0.548 
0.548 

Mean  Places  for  1S92.0  of  Comparison- Stars. 


Red    i" 

8 

Red    to 

* 

a 

app.  place 

app.  place 

Authority 

1 

h        in        s 

6  05  58.96 

f  +1-21  ) 

J  +1.25  j 

+  31    40   07.  1 

j  +4.4  ) 
1  +4.4  ; 

Leyden  A.G.  Zones  397.  121 

2 

6  07  48.39 

+  1.24 

+  31   42  06.8 

+  4.4 

Leyden  A.G.  Zones  399,  83 

3 

6  09  34.36 

+  1.23 

+  31   35  05.6 

+  4.4 

Leyden  A.G.  Zones  368,  22 

4 

6   14   (10.07 

+  1.32 

+  31   22  30.0 

+  4.4 

Leyden  A.G.  Zones  276,  3 

5 

6   17  06 

+  1.30 

+  31    16.8 

+  4.4 

Anonymous,  9M 

Sept.  1.     The  comet  is  barely  visible  in  the  5-inch  finder;  easily 
iserved  in  the  16-inch.     Nucleus  pretty  well  defined;  head  1'  in 


obser 

diameter;  tail  3'  in  length 


REMARKS. 

Sept.  4.     Comet  faint  at  first  in  moonlight,  but  easily  seen  during 
all  the  measures.     Nucleus  about  11M. 


N"  275. 
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OBSERVATIONS  OF   COMET  a  1892    swift,, 

MADE    \  1     I  III'    0.8.    Ml  il.    OBS)  l:\  ITORY, 

By  Prof.  i:.   FRISBY. 
[Communicated  by  the  Superintendent.] 


1892  Washington  M.T. 

* 

No. 

#- 

-* 

&r's  appan 

(  omp. 

da. 

dl 

a                        S 

for  a       1     for  S 

July  16     10  56     2.0 

1 

17  .   1 

+2m46.80 

0     3.1 

■  59*74       +  19    13    17.5 

23     10     6    16.4 

2 

20  .   1 

+  1      2.04 

—3    IT.'i 

1     3     7.64                   ;    11.7 

- 

Aug.    2      12     It  57.4 

3 

20  .   1 

+  2    15. 22 

—0  31.1 

1      :;  51.22       1  52     3    19.2 

- 

12     11   34  53.9 

4 

16  ,  4 

—0  39.16 

—6   13.3 

1     0     6.88       •  52    19     0.8 

15     11    25  51.6 

4 

15  .  3 

—2  35.95 

+  1    28.3 

0  58    I".-';1-       r-52  56    13.2 

- 

Mean    Places  for  1892.0  of  Comparison- Stars. 


* 

a 

Kid.  to 
app.  place 

8 

app.  place 

Authority 

1 

2 

3 

4 

0  57  11.98 

1  2     4.34 
1      1   34.35 
1      0  44.10 

+  1.26 

+  1.65 

+  4!i    II      1.6 
+  50  53     5.1 
+  52     3  52.1 
+  52  55    13  5 

—6.0 
—3.7 

—  1.8 

Oe.    \._.   N.  1025 
Bonn  \  1.    •  50  222 
Oe.  Arg    \.  1114 
Radcliffe  328 

FILAR-MICROMETER    OBSERVATIONS     OF     WOLF'S     PERIODIC     COMET, 

(1884  III  =  1891   II   . 

MADE    WITH    THE    12-INCH    EQUATORIAL    "I      nil:    LICK    OBSERTATORT, 

liv   E.   E.   BARN  WM>. 
il  inued  from  .1. ./.  XI.  page  13. 


1891  Mt. Hamilton  M.T. 

* 

No. 
Comp. 

da 

-* 

dh 

a  apparent 
a                         S 

for  a 

/•A 

May 

7 

1  1 

56 

9 

3 

12 

1 

—0 

55.84 

—4 

34.4 

22 

11   56.26 

(-14 

1  1 

15 

9 

17 

4 

22 

5 

—0 

10.89 

—4 

13.2 

22 

57   2:;.  12 

+  15    17  28.2 

June 

3 

14 

12 

57 

5 

3 

6* 

+  0 

6.21 

+  0 

32.6 

13   13.92 

+  2(1   21    18.8 

July 

1 

13 

5  7 

:>:< 

6 

18 

1 

+  0 

15.26 

+  7 

33.4 

1 

(i  34.08 

17     9.3 

6 

13 

36 

43 

7 

9 

+  0 

15.86 

+  0 

6.0 

1 

1  46.1 

11 

11 

•11 

56 

8 

18 

1 

—0 

4.37 

— 0 

39.4 

1 

19    12.1 

11.2 

12 

14 

11 

8 

9 

12 

1 

—0 

10.05 

—4 

13.0 

1 

+  27    17.8 

13 

13 

:;i 

58 

10 

12 

1 

—1 

5.46 

—0 

21.1 

1 

2  1    2  1.:; 

+  27   28.8 

n9.681 

- 

29 

13 

20 

16 

11 

12 

1 

+  0 

37.28 

+  3 

2  1.2 

2 

7  37.35 

•    2  1    27.1 

Smg. 

1 

11 

:;s 

47 

12 

18 

4 

+  0 

11.31 

+  0 

53.1 

■_> 

16     8.42 

0.510 

9 

12 

27 

6 

13 

:; 

4* 

—1) 

31.69 

_o 

21.1 

2 

37    15.0 

10.5             9.714 

11 

11 

18 

11 

11 

12 

1 

+  0 

27.li:) 

+  6 

2 

12  26.0 

1  1 

13 

6 

G 

15 

12 

1 

+  0 

58.08 

—  1 

20.6 

2 

50  24.37 

^27    17   50.2 

28 

11 

:;o 

30 

16 

1 

I* 

—(1 

1.46 

_o 

31 

12 

36 

32 

17 

lit 

1 

—0 

7.19 

+  5 

34.8 

2 

Sept 

3 

11 

24 

35 

18 

18 

I 

—0 

20.82 

+  2 

21..". 

:l 

39     6.43 

+  21    :       - 

3 

16 

9 

18 

18 

- 

1- 

—0 

13.9 

:; 

39  30.81 

12   1."..:; 

27 

13 

7 

12 

19 

in 

1 

+  0 

9.72 

—9 

6.7 

I 

-   52.1 

9.514 

30 

11 

19 

59 

20 

12 

4 

+  2 

20.97 

+  1 

15.6' 

1 

2(1   22.97 

-1  i 

Oct. 

8 

13 

21 

40 

21 

12 

1 

0 

13.00 

18.0 

1 

.".  1    27.0 

.  io 

Nov. 

•> 

10 

36 

17 

22 

12 

I 

—0 

23.99 

— 7 

11.2 

1 

in   .",5.  IS 

2  1 

10 

19 

5 

23 

3 

I- 

+  0 

3.17 

+  2 

1 

: 

—  11    52   24 

27 

l(i 

3 

16 

2  1 

2 

—0 

26.91 

—3 

12.8 

1 

26    U.68 

—  12 

Dec. 

17 

7 

32 

0 

25 

12 

1 

+  1 

19.92 

9.1 

1 

—  11 

17 

10 

34 

6 

26 

2 

1- 

—0 

31.43 

—4 

2.2 

1 

16   12.7H 

—  1  1   5 1      4.1 

21 

6 

39 

17 

25 

8 

1- 

+  0 

16.27 

+  1 

36.5 

1 

15    11.91 

-111' 

2  1 

s 

19 

2  1 

25 

3 

I- 

—0 

11.16 

+  7 

4 

-1  1    1 

•j,(   measured  with  tin-  micrometer. 
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Mia,,   Places  for  ism .<>  of  Comparison- Stars. 

lted.  lo 

8 

* 

a 

app.  place 

app.  place 

Authority 

.". 

o.r.o 

—10.6 

W.B.  XXII,  861 

1 

22  .77  34.38 

0.3; 

+  15  52  21.3 

—  9.9 

\\  .11.  XXII,  1  168 

5 

2:1    13     7.7.". 

0  04 

I  20  24    27.0 

—10.8 

li.li.    *  20 

6 

1      11    18.31 

0     i] 

+  26     9  38.1 

—   2.2 

W.ll.  0,  l  I7D 

7 

l      5  30.39 

|  0.54 

1  26  33    11.9 

—   1.8 

W.ll.  I,  44 

8 

1    19    15.9 

,  0.62 

+  27    11.8 

—  0  9 

DM.    t  27  226 

'.) 

1    21    58.9 

I  2  7   22.5 

—  0.6 

DM.    t  2  7  238 

In 

1    25  --".LI 

■ 

+  27   29.1 

—   0.2 

11 

2       (I    .MM  17 

!  28  2  1      l.(i 

+    2.2 

W.ll.  II.  2493 

12 

2    15 

•  1.04 

1  28   2  1   59.2 

4     2.7 

B.B. 

13 

2  37    to. 5 

•   1.18 

I  28    10.7 

•     1.5 

DM.    •  28   154 

1  1 

2    11    57.8 

+  1.22 

1  27  56.9 

•     1.1 

DM.  +27  128 

i;, 

2    19^25.03 

+  1.26 

'  27    19     5.8 

L.  .7378 

16 

+  1  57 

17 

2 

+  1.62 

+  2-1   .".11   I-.'.  9 

V  7.8' 

B.B.  -f  2  1  526 

IS 

24.78 

+  2.-17 

+  2  1    12  48.8 

+   8.4 

Elkin  22  =  21  /,-  Asterope 

1:1 

1   22  25.72 

+  2.16 

+  15  .".7  44.8 

+  14.0 

78  ft..  Tauri  =  Rad.j  505 

20 

1   23 

•  2  2  2 

+  11      1     6.5 

+  1  1.6 

W.ll.  IV,  153 

•_M 

1   34   37.7 

+  111    0.0 

+  13.5 

DM.    l  9  625 

22 

1    m  56.43 

+  2.74 

—  3     9      1.3 

+  15.0 

Schjellerup  1  529 

•_':; 

1    28  34.33 

I  3.08 

—  11    54    16:0 

+  13.1 

W.ll.  IV,  .77:1 

24 

1    27     ."i.4  1 

+3.1  1 

—  12  32    15.0 

1  1  1.9 

1 
]  +   8.3 
(+   7.8) 

W.ll.  IV,  532 

25 

■1   1-i  52.50 

1  +:;-15  [ 

—  11   7.1    1  1.7 

Arg.  Oe.  2984 

(  +3.08) 

26 

4   16  40.90 

t  :;.2:; 

—14  47   10.8 

+    8.9 

W.B.  IV,  305 

NEW    ASTEROIDS. 


Dr.  II.  Kreutz  communicates  to   the  Journal  the  follow- 

ta  with  reference  to  newly  discovered  asteroids. 

Asteroid  1892  A  (see  p.  79,  no.  271)  was  photographically 

discovered    by    Wolf   on   Aug.  22.      The    following    is   an 

ephemeris  from  a  circular  orbit  computed  by  A.  Berberich. 

Berlin  Midnight. 


1892  Oct.    2 

22    12   2.7 

—  11 

l:l.:l 

6 

1.7   .72 

-11.7 

10 

1-1   49 

1  1.3 

M 

22    11      1 

—  1  1 

42.1 

The  ephemeris  agrees  well  with  :i  Vienna  observation  of 
Sent.  1 1. 


A  photographic  plate  by  Dr.  M.  Wolf,  .>t'  Sept.  1.  shows 
the  following  two  unknown  asteroids. 


1892  B       Sept.  1.       a  =  23  44.7,       8  = 
1892  0       Sept.  1.       a  =  2:1  55.4,       5  = 


0 ; 

11  ; 


1892  B,  according  t"  Berberich,  is  identical  with  (163) 
Erigone,  and  on  this  assumption  he  has  calculated  the  fol- 
lowing ephelie  I'is. 

Berlin  Midnight. 


1892  Sept.  2:1 

Del.        3 

7 

11 


2:1  211  12 
17  41 
1  1    7:i 

23   12  37 


-6  39.7 
7  6.4 
7  30.2 

-7  51.1 


Dr.  Bidschof,  at  Vienna,  thoughl  he  saw  the  asteroid  in 
tie'  ephemeris-piace  Sept.  11.  Later,  cm  Sept.  13,  it  was 
observed  there,  and,, also  at  Heidelberg,  ami  the  identity 
with  (163)  is  thus  made  certain.  The  correction  to  the 
ephemeris  is  +  10"  in  «. 

1892  1".  which  in  any  case    is  new.  was  later  observed 
again,  photographically,  at  Heidelberg,  as  follows: 
Sept.  13d  '.i11  22m.5  <7r..        a  =  23"  46"'. 1.        «*!  =  —5°  50'; 
Daily  motion,  — 18*  in  <<.  southward  8'. 


CONT E X  T s  . 
Discovery  and  Observations  or  a  Fifth  Satki.uii    ro  Jupiter,  by  Prof.  E.  E.  Barnard. 

OCCULTATION    OF    MARS,    BY     PROF.    E.    FRISBY. 

Elements  and  Ephemeris  of  Comkt.x2  1892  (Brooks),  by  Rev.  G.  M.  Searle. 

Observations  of  Comet  d  1892    Brooks,  Augtjsi  28),  by  Prof.  H.  C.  "Wilson. 

Obsi  rvations  of  Comet  a  1892  (Swift),  by   Pro*.  E.  Frisby. 

Filar-Micrometer  Observations  of  Wolfs  Periodic  Comet  (1SS4  III  =  1891  II),  by  Prof.  17   17  Barnard. 

Nfw  Asteroids. 


tii  i: 


ASTRONOM  I  (A  I    .1  0  1   II  N  A  L. 


No.  276. 


VOL.  XII. 


BOSTON.     1892    OCTOBER     '-'li. 


\<».   12. 


Dale 


NOTE  OX  THE  ELEMENTS  OF  SOME  OF  THE  MORE 

VARIABLES, 

BY   PAUL  S.   YKNDKIJ.. 
7754   W  Cygni.  E 

During  the  season  of  1 S9 1 .  I  obsei  ved  I  his  star  >ixt y-ti\  e 
times,  from  July  5  to  Dec.  28.  Tbese  observations  indicate 
two  minima,  and  one  maximum,  as  follows  : 

Minima  1891  July  12  and  Dec.  2  :  maximum,  Sept.  19. 

My  observations  of  this  year,  beginning  May  28,  indicate 
a  maximum  on  June  6,  and  a  minimum  on  August  1 1. 

Upon    comparing     these    dates    with    those    indicated     by 

Chandler's  elements,  a  very  marked  discordance  appeared, 
tin-  maxima  occurring  near  the  computed  times  i>f  minimum, 
ami  vice  versa. 

Collecting  all  the  dales  of  observed  maxima  and  minima 
accessible  to  me.  including  those  deduced  from  the  original 
observations  of  Mr.  Gore,  kindly  transmitted  by  him  in 
manuscript  for  the  purpose  of  this  discussion,  a-  «ven 

the    dates   of    Mr.  SAWYER'S   Observed    maxima    and    minima. 

I  find  a  complete  series,  excepting  Ep.  I,  of  maxima,  ami 
one  of  the  minima  nearly  as  full,  there  being  thirty-one  of 
the  former,  and  twenty-four  of  the  latter. 

These  dates,  with  the  residuals  found  by  comparison  with 
Chandler's  elements,  appear  in   tin-  subjoined  table.      In 

the  column  headed  Oh..  S    stands  lor  SaWYI  R,  <  . .   for  GOR1  . 

and  V.  for  myself.  The  residuals  found  as  above  are  in  the 
column  O — ('. 


RECENTLY    DISCOVERED 


Maxima. 

E 

Date 

w 

oh. 

o  c 

0— C 

o 

1 88c 

.Ian. 

5 

1 

i. 

1  23.0 

■i 
+  36.7 

•2 

An-. 

26 

1 

i. 

•      i.i. 

+    7.1 

•> 

Aug. 

2ii 

1 

s 

2  0 

•     1.1 

:■< 

Dec. 

1.". 

1 

(i 

—11.0 

—  12.7 

:; 

Dee. 

16 

.'. 

s 

10.0 

—  1  1.7 

■1 

81 

May 

Is 

i 

<; 

•  10.5 

1 

May 

1 1 

if 

s 

1  13.0 

."> 

Sept. 

12 

i 

i. 

—  :;.:; 

."> 

Sept. 

10 

i 

s 

t; 

s7 

•Ian. 

:',l 

i 

(i 

7 

June 

!."> 

J 

<; 

+  11.1 

B 

Sept. 

1  1 

i. 

t. 

3 

Sept. 

13 

i 

^ 

1.0 

■_".'.: 

:i 

88 

.Ian. 

29 

1           i. 

-22..') 

9 

.Ian. 

29 

1 

+  8.0 

—22.:. 

10 

.lime 

•"> 

',       s 

+  10.0 

—25.3 

11 

Nov. 

i        (. 

+  62.0 

+  21.:' 

11 

Nov. 

12 

s 

-  It." 

+   3.9 

12 

: 

Mar. 

11 

5 

—   7.9 

13 

Aug. 

II 

i       (. 

+  64.0 

+  14.:; 

13 

Aug 

22 

.'.        s 

II 

Nov. 

14 

i 

+  33.0 

—21.5 

1.", 

90 

Apr. 

28 

.'.        S 

-   12.7 

16 

Aug. 

20 

i 

—  4.1 

1 1 

91 

.Ian. 

7 

l 

+  74.0 

+    .i.l 

18 

May 

15 

.'. 

+  76.0 

19 

Sept. 

15 

i       s 

—  .r) .  "> 

19 

Sept 

19 

i        ,i 

—  i.;> 

20 

1892 

.Ian. 

28 

i 

-  - 

—   1.3 

21 

.lime 

2 

1         S 

—  6.1 

21 

Juue 

6 

I         Y 

Minim  v. 

—  2.1 

i: 

Date 

W               (III. 

(i— c 
.i 

—  11.0 

ii— ( 

•J 

1885 

June 

10 

1           (. 

:! 

Oct. 

•J  2 

i        <; 

. 

3 

Oct. 

30 

l       s 

+  14.2 

4 

Kel,. 

15 

i        <; 

."> 

July 

19 

i        (. 

+  15.0 

+  14.6 

5 

July 

s 

1           s. 

+   3.6 

6 

Nov. 

10 

1       (. 

—  2.2 

i' 

N  o  \ 

."i 

1                S 

—   2.0 

—  7.2 

8 

s; 

Julv 

23 

1                S 

9 

Dee. 

s 

1         S 

• 

—   1.6 

lb  . 

i: 

1         (. 

•    :  . 

11 

88 

A  lie. 

21 

.'. 

s 

12 

.Ian. 

i 

^ 

—  4.0 

13 

May 

•_".' 

S 

- 

1  I 

Oet. 

;i 

.'.        s 

I.".  ■ 

90 

Jan. 

2'.' 

i        s 

—  :;.4 

16 

Julv 

•j 

i        ^ 

i 

17 

\ 

10 

i        S 

- 

19 

91 

.liilv 

12 

1          Y 

19 

Julv 

■_>,, 

1          v 

•jo 

Dei 

■_• 

Y 

+  14.6 

20 

1',. 

s 

1         S 

\ 

11 

1          Y 

-- 

2  2 

Aug 

12 

1 

90 
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A  discussion  of  the  residuals  in  the  column  0 — C  gives 
i  lie  follow  ing  corrections  : 

From  Maxima    From  Minima 

To  the  Epoch,  —12.7  —23.6 

To  the  Period,  1.5  +  5.2 

Using  the  weighted  mean  of  the  indicated  collections  ii> 
the  period,  we  have  as  elements, 

Min.  1884  Sept.  18.4  ;      Max.  1884  Nov.  30.3  +  180d.8  E, 

which  appear  to  be  the   besl   al    present    attainable.     The 
comparison  with  the  observed  times  appears  in  the  column 

()  — ("  of  tin1  above  table. 

5758  -V  Herculis. 
The  variability  of  this  star  was  announced  byGoRE  in  the 
Astronomische  Nachrichten,  No.  2981.  I  began  observations 
upon  it  in  the  autumn  of  1889,  and  have  since  kept  ii  as 
constantly  under  observation  as  possible,  obtaining  live 
maxima  ami  four  minima.  From  the  published  observations 
of  Col.  Mark  wick,  I  have  deduced  one  maximum  and  two 
minima.  These  are  all  the  data  at  present  available,  and  are 
given  in  the  .subjoined  table.  I  have  re-reduced  all  my  own 
observations,  so  that  some  of  the  dates  differ  slightly  from 

those  already  published. 

Maxima. 


E 


Hate 


Ol). 


o— c 


0 

1890  June 

•22.7 

Vended 

—6.66 

1 

Oct. 

8.2 

Yendell 

+  6.34 

1 

1891  July 

17.0 

Yendell 

+  4.64 

1 

July 

15.0 

Mark  wick 

+  2.64 

7 

1892  Apr. 

13.(1 

Yendell 

—8.86 

8 

July 

2l.ll 

Yeudell 

—0.36 

Minima 


0 

1890  May     7.0 

Yendell 

+   5.87 

1 

Aug    12.;, 

Yendell 

+   8  87 

4 

1891   May   21.0 

Yendell 

+    6.87 

4 

May      1.0 

Markwiek 

—10.13 

Dorchester,  Mass.,  1892  Sept.  10. 


1891  Nov.  25.0 

1892  May   21.0 


.i 
Markwiek  I     5.87 

Yendell  —    5.13 


From  these  data  I  obtain  ihe  following  elements,  which 
appear  to  be  tin-  besl  at  presenl  attainable: 

Min.  1890  May  1.13;     Max.  1890  June  22.7   r-94d.5  JS 

which  give  tin-  residuals  in  column  O — C. 

906  /■'  Trianguli. 
since  publishing  in  this  Journal  (p.  II  of  the  current 
volume)  my  confirmation  of  the  variability  of  Ihis  star.  I 
have  received  a  letter  from  Mr.  Geobge  Knott,  giving  two 
minima  and  a  maximum  from  his  own  observations,  as 
follows  : 

Minima,  1891  Feb.  22,  Mag.ll".7;  189)  Nov.8,  Mag.  II". 7. 
Maximum,  1892  Mar.  12.  Mag.  5\9. 

The  accordance  of  the  observed  maximum  with  my  pub- 
lished date  for  the  same,  is  very  satisfactory,  both  in  date 
ami  magnitude. 

Mr.  Knott  states  thai  his  observations  point  to  a  period 
of  about  260  days;  this,  as  the  result  of  direct  observation, 
is,  of  course,  entitled  to  a  controlling  weight  over  the  rather 
vague  assumptions  on  which  tin-  provisional  period  suggested 
on  p.  15  is  based;  and  upon  applying  it  to  the  same  data,  I 
find  that  a  period  of  261  days  satisfies  them  much  better 
than  that  of  288  days.  Using  the  mean  of  the  two  simul- 
taneously obsei  \  ed  dates  of  maximum  as  the  principal  epoch, 
we  have,  as  the  best  elements  now  attainable. 

.Min.  1891  Nov.8;     Max.  1892  Mar.  11.5  +  26r'£\ 

By  these   elements,   a   minimum   was  due   1892  July  26 ; 

and  the  following   observations,  lately  obtained  by  me,  may 

I I     interest    in    this  connection:      1892   Aug.  15.43,  not 

seen;  limitl0*.5  ±  ;  Aug.  21.41.  held:  12"±  ?  Aug.  23.41, 
held;  llM.0  ±  :  Aug.  29.40,  10\5  (moon  7  days)  ;  the  star 
in  each  case  being  very  low. 


OBSERVATIONS   OF   THE   SATELLITE   OF   NEPTUNE, 

MADE    WITH    THE    26-INCH    EQUATORIAL   OF   THE    I.EANHER    MCCORMICK    OBSERVATORY, 

By  ORMOND   STONE  and  N.  M.  PARUISH. 


Date 

1889 

I..  McC. 
M.T. 

I'osit'll 

Allele 

No.  of 

Mens. 

L.  McC. 
M.T. 

Distance 

No.  of 
Meas. 

Obs. 

Date 

]-sa 

L.  McC. 
M.T 

Posit'n 
Angle 

No.  of 
Meas. 

L.  McC. 
M.T. 

Distance 

No.  of 
Meas. 

<ii„. 

Oct.    28 

Nov.  21 

Dec.   12 

13 

19 

21 

h       m 

14  15 

15  9 
13    16 

8  50 

8  59 

9  41 
9  27 

134°3 
129.5 
266.9 
264.1 
2  22.9 
218.0 
71.3 

9 
6 

6 
8 
5 
9 

12 

h       in 

P 
P 
P 
P 
P 
P 
P 

Dee.    23 

1891 

Oct.      2 

Nov.     6 

30 

Dec.     5 

li        in 

9  51 
15  54 

it;  27 

11    44 
10   17 

320.3 

221.9 
232.1 
219.9 
255.6 

12 

2 

4 
2 

4 

h       m 
9    53 

8  "66 

2 

P 

S 

S 

s 

8 

13  34 

15     9 
'9  29 

9  49 

13.24 
13.65 

15.79 

15.42 

2 
5 
2 

3 

12   13 

14.46 

2 

N.   M.   Parrish; 


Ormo.nd  Stone. 
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OCCULTATION    OF    MAES    AND   JUPITER    \\\    THE   MOOE    IN    SEPTEMBER, 

By  i:    i:    BABN IKD. 
Tlie  September   moon    occulted    I >< > 1 1 ■    .1/h/vj  and  Jupiter 
within  less  than  a   week  of  eacb  other.     Botb  occupations 
were  observed  witb  tbe   12-inch  equatorial  under  favorable 
circumstances. 


Observations  of  the  Occdltation  of  Mars,  Sept.  3,  1892. 

This  being  Saturday  night,  a  large  crowd  of  visitors  were 
present  a)  the  Observatory.  Jusl  before  tbe  commencement 
of  the  occultation  the  visitors  were-  requested  to  withdraw 
from  the  1 2-iucli  dome,  which  they  very  courteously  did. 

Tbe  planet  disappeared  at  the  dark   limb  of  the  ni 

The  seeing  was  very  flue  =  5. 

Disappearo 

b       ra        i 

lstcontact        =  9     9  35.8     Observations  good 
Half  obscured         9   10  4 

2d  contact  9    10  37.1 

The  planet  faded  slowly  at  the  last  contact,  ami  seemed 
t<>  flicker  for  a  moment  before  the  final  disappearance.  Just 
before  disappearing,  the  light  of  the  planet  was  of  a  pale 
Line. 

No  shadow-band  or  fringe  to  the  moon's  limb  was  seen 
where  it  crossed  the  planet.  This  phenomenon  of  a  dusky 
diffused  1. orihr  to  the  moon's  limb  I  had  previously  seen  in 
an  occultation  of  Jupiter,  and  >"  special  h  looked  for  it  at 
this  observation. 

Reappt  aranci  . 


.'Id  contact 

Half  uncovered 
4th  contact 


=   10  45  56.0     Perhaps  1 

in   26    17 

in  26  .v.'.;, 


ati 


No  shadow-band  was  seen  in  this  ease  either.  The  planet 
appeared  of  a  washed-OUt  yellow,  in  contrast  with  the  QIOOU. 
The  estimates  for  the  time  when  the  planet  was  one-half 
obscured  should  not  have  much  weight,  as  it  was  rather  dif- 
ficult to  decide  when  the  disc  was  bisected,  one-half 
hidden  by  the  moon. 

.1//.  Hamilton,  L892  September  9. 


I     i    times  are  Mt.  Hamilton  mean  time,  and  wi 
by  sidereal  chronometer   1668,  Mr.  Townlet  having  kindly 

compared    the   chronometer    first    after   each  set   of   o 

tions. 

I lATION   OF  J 

The  occultation  occurred  in  broad  daylight,  the  reappear- 
ance not  occurring  until  after  sunrise.  At  immersion  the 
seeing  was  very  line.  =  5  ;  Imt  at  reappearance  the  image 
of  tin  planet  was  undulating.  At  disappearance  the  satellites 
took  from  0'.2  to  0".3  to  be  completely  obscured.  1 
are  for  the  centers  of  tit  At  reappearance  they 

were  seen  \\  i 1 1 1  difficulty,  and  not  until  they  had  left  the 
limb  some  distauce,  and  no  times  were  recorded. 

The    disappearances   were    at     the    bright,   and    till 
pearances  from  the  dark  limb. 

When   passing   behind   the    n i   a    narrow    shadow-band 

«:i-  noticed  fringing  the  moon's  limb  when-  it  cut  the  planet. 
I  think  this,  which  has  been  often  seen  at  OCCultatious  of 
Jupiter,  is  due  to  contrast  alone. 

Disappearances  of  '/'•    v 


Satellite   I  V 
Satellite   II 

ite  1 

Satellite    III 


17     HI  18.5 

17  23  4.1 

17    L'i 

-  .'50.3 


Disappearana   of  ■ ' 


Contact  I 
Half  obscured 

Contact  II 


17    28    10.4 

17   28 

17  29    15.7 


Jupiter 

h  in 

Contact   III 
Half  nne..\  en  d 
Contact   IV 


18  33   17.:.     Perhaps  2"  late 

is  .;.",  50 
13.7 


'<  Jupiter  is  aUo  in  Mt.  Hamilton  M.  I*. 


equations 

form  :. 

da  cos  d  =  fcosd  4  a  sin  «  si 


Till:    MOTION    OK   THE   SOLAR    SYSTEM, 

Ki   .1    i.    PORTEB 

The    present    determiuati t    the   direction    of   the    solar       was    employed,    th 

motion  is  based  on  the  Catalogue  of  1340  l'i  oper-Motion 
Stars  contained  in  Publication  No.  12  of  the  Cincinnati  Ob- 
servatory. As  this  catalogue  has  already  been  distributed, 
il    is   only  necessary  to    remark  that,    in  the  case    of   the    feu 

stars  which  are  evidently  physically  connected,  tie-  im 

Used. 

For    Computing    the    coordinates    of    the    aoe\  of    the    sun's 

way  the  method  given  bv  Scuonfeld  in  V.J.S.  XVII,  256, 


being     [mt    in    the    following 


da 


11  cos  a  +  G 


I  ("*  —  /(  cosn 

+ 

+ 


win' re 

f   =     COS  I.I    it 

g  =  siiicn  tL    f  cos  $1  sin  i  <l! 
It  =z  sin  Q  sin  i  til 


sin  ^ 

/'sin  .:  —  '/' 

-in  8 
//  sin 
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F=      cost  cos <r  f       tU(cost  cobD  8in^4+co8ft  siuteinD) 
f>  P 

G  =      cost  sin  a —      d^cost  cosZ?co8.<4 — siu&  siuisinZ)) 

P  t> 

H=      >iiir  —      dl  a\ai  cos  D  cos  (A— &&) 

i>                         i> 
du,dd    —  tin-  proper  motii i  a  star  in  K.A.  aud  declina- 
tion respectively. 

The  quantities  in  the  above  equations  have  the  following 
significations  : 

•  i.  .  the  correction  to  the  adopted  precession. 
ci.  the  obliquity  of  the  ecliptic. 
Q,,  i,  the  right-ascension  of  the  ascending  node  of  the  milky 

way  on  the  equator,  and  the  inclination  of  the  same 

planes.  s 

'//,   the  change  of  the   galactocentric   longitude  of    a    star 

measured  in  the  plane  of  the  milky  way. 
ir.T.c.  the  coordinates  of  the  apex  of  the  sun's  course,  aud 

lie  angular  mntiuM  of  the  sun  al  distance  unity. 


a,S,p,  the  heliocentric  right-ascension,  declination  and  dis- 
tance of  m  stai . 
.1.  I),  It.  the  similai  galactocentric  coordinates  of  the  biiii. 

The  time-nail  for  <H  and  c  will  of  course  be  the  Bame  a-; 
that  of  the  proper  motions,  namely  the  year. 

li  will  be  noticed  thai  the  coefficients  of  the  right-ascension 

equations  are  the  same  as  those  of  the  declination-equal >. 

except  thai  each  coefficient  belongs  to  a  different  unknown 
quantity.  In  the  arrangement  of  the  normal  equations  the 
upper  letters  belong  to  the  right-ascension  equations,  and  the 
lower  letters  to  the  declination  equations. 

The  stars  were  divided  into  four  groups,  as  follows : 
Group  I.      yearly  proper  motion  less  than  0".30,    .'i76  stars. 
Group  II.    yearly  proper  motion  0".30  to  0". 60,     533  stars. 
Group  III.  yearly  proper  motion  0".60  to  1".20.      142  Btars. 
Group  IV.   yearly  proper  motion  greater  than  I". 20,  70  stars. 

The  computations  were  uniformly  carried  out  to  one  <■ 

decimal  place  than  is  here  given,  and  the  check-equations 
were  carried  through  independently  by  an  assistant. 


Normal  Eqi  a  i  n  ins. 


+/ 

+<< 

+A 

+  F 

+e 

a 

-11 

+  '.' 

—F 

+h 

— <j 

a 

I 

+  435.56 

■4  it;. in 

+   3.99 

4-    17.55 

+     6.60 

— 

—  6.18 

— 56.06 

+ 

16.04 

+  70.68 

4-    1.45 

4-   35.66 

4-     3.37 

= 

4-    1.42 

—  10.1  | 

+ 

3.99 

4-    1.45 

4  69.56 

4-      3.31 

+   51.04 

— 

—  6.60 

—  2.95 

+ 

17.55 

+  35.66 

1    3.31 

+  264.96 

+     8.12 

= 

4-   3.50 

—  3.44 

+ 

6.60 

+   3.37 

+  51.04 

+     8.12 

+310.92 

= 

—  27.  IX 

—   1.02 

II 

+  400.55 

4    3.32 

+    1.27 

—   12.29 

—   1  1.87 



—    1.72 

—  77.22 

+ 

3.32 

+  64.76 

—  6.89 

f     29.83 

—     3.83 

= 

—  0.81 

—  16.41 

+ 

1.27 

—  6.89 

+  67.10 

—     3.83 

+   42.07 

= 

—  12.04 

—    1.49 

— 

12.29 

+  29.83 

—  3.83 

+  236.98 

—   17.65 

= 

4   12.77 

—  2.57 

— 

1  1.87 

—  3.83 

+  42.07 

-   17.65 

+  295.91 

= 

—66.06 

+   0.15 

III 

+ 

97.81 

4-   3.20 

4    3.92 

—     5.30 

—     3.68 



4-    t.33 

—32.28 

+ 

3.20 

4-  18.52 

4    2.20 

4     13.18 

—     0.69 

— 

4-   0.30 

—  10.81 

+ 

3.92 

t    2.20 

+  25.64 

-     0.69 

+      7.40 

= 

—   4.20 

—   4.10 

— 

5.30 

+  13.18 

-   0.69 

+   61.68 

—     3.52 

— 

+    9.36 

—  3.12 

— 

3.68 

—  0.69 

+    7.40 

—     3.52 

+   80.08 

= 

—34.88 

—  2.85 

IV 

+ 

14.58 

4-    1.94 

+   3.03 

—     5.31 

—     2.14 



+  16.53 

— 15.10 

+ 

1.94 

+  10.62 

+    1.82 

—      1.74 

+     0.60 

= 

—  1.15 

—  11.79 

+ 

3.03 

4-    1.82 

4  13.80 

+     0.60 

—     1.11 

— 

f    6.86 

—  8.95 

— 

5.31 

—    1.74 

4-   0.60 

+    .",2.90 

—     0.56 

= 

+    2.42 

+  11.23 

— 

2.14 

+   0.60 

—   1.1  1 

—     0.56 

+   36.06 

= 

—55.12 

—  11.47 

solution 

gives   the   f 

>11< 

iwing  values 

.    the   com) 

ination  wei 

ghts  being  |> 

it  iu 

parentheses  : 

f 

g 

1, 

F 

n 

// 

,     ! 

u      — . 

ill 

+  .021 

— .Q35 

+  .014 

(247)           —0.082 

(273) 

1   I 

8 

—  .007 

+  .012 

+  .039 

(61) 

.  1  2 1 

(65) 

+  0.125 

"1 

u       . 

010         —.049 

—.047 

4-. 043 

(223)         — 

.215 

(268) 

8 

+  .006 

+  .010 

4-. oio 

(60) 

.253 

(61) 

+    .190 

III" 

( 

a     + 

04 

>..       —.112 

—  .034 

+  .155 

(52) 

.421 

(78) 

8 

+  .04S 

+  .037 

+  .051 

(25)           -t 

.551 

(15) 

+    .310 

IV  ' 

a      +  . 

29: 

—.120 

+  .327 

+  .083 

(32)            -1 

.498 

(36) 

{» 

+  .370 

+  .144 

+  .366 

(13)           —o 

827 

(10) 

+  0.950 

N"  276. 
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Since  it  is 
il  zero, 


F  =    -   COST 
P 

It  =    —  COS  T 

//  =  sill   7 

Cincinnati 


evident  thai    dl    is  practically  insensible,  wi 
;iinl  find  for  the  coordinates  <>t  the  apex  : 


1 

COSOT  +.IH9 


II 
(-.042 


HI 
+  .121 


IV 

+  0.165 


-1.352 


I 

281.9 

+  .".. 

0.16 

II 

III 

285.2 

+34.0 

IV 

277.0 

i.g 

1.66 

+  .125         +.190 
dory,  1892  October. 


+  .310      +0.950 


tience, 


Thesi  markably  near  to  those  obtained  by 

Dr.  Stumpe  iii   A.N.  2999-3 excepting   tin-  declination 

(if  the  first  group,  which  is  nearly  12°  g  I 

for  :i  common  drift  of  the  nearer  st:  me 


BTLAR-MICROMETER   OBSERVATIONS   OF   COMET  a  1892     swift,, 

Mini:    WITH     IIIK.    12-INCH    EQUATORIAL    OF    \   *ssve.    COLLEGR       BSBRVATORY, 

By    MARY    W.    WHITNEY. 


1892  Poughkeepsie  M.T. 

* 

Comp. 

Aa 

-* 

/S 

a 

apparent 

s 

for  a       1     fori? 

July   20      11      7  39 
'21      10  27  23 

■.':',      in    19    14 

25  in     4  27 

26  9  57   12 

1 
■_> 

:'< 
1 

4 

6 

1 

16 
11 
11 

+3'"  :ii.;.:. 
—  1   44.88 
+  1      1.64 
—0     7.42 
+  0     1.81 

- 

+  5  22  :; 
—3  39.8 
— t  20.5 
+  3  35.6 



1    2     3.55 
1   2  27.83 
1   3     7.23 
13  38.8 
I   3  51.09 

50  31   32.2 
.".11    19  21.9 
.".1     5  55.5 
:.l    13  51.8 

-- 

-- 

- 

.I/../,/    Places  for  1892.0  of  Comparison- Stars. 

*       1                     a 

Hill,  to 
app.  place 

6 

app.  place 

Authority 

1 

2 

3 

4 

-   27.86 
1      1    11.56 
1     2     1.33 
1     3   14.92 

+  L14 
+  1.15 

+  1.26 

1  ■ 

50  2a 

6    14.0 

50  53     5.4 

51  in    19  3 

—4.4                 liadcliffe  320 
—4.1                  Oe.  Arg.  1 166,7 

Bonn  VI, 
;       ;                   Oe.  Arg.  1159 

faint.     Seen  with  difficulty  under  wire-illumination. 


OBSERVED   MAXIMA    AM)    MINIMA 

By  EDWIN  1 
The  observations  on  this  star  extend  from  1890  March  19, 
to  1892  August  29,  and  number  106.  These  observations 
when  charted  permit  the  determination  of  7  maxima  and  ."1 
minima.  When  first  seen  ou  March  19,  IK  was  found  to  be 
5steps<DM.44  5889,  =  DM.  13  1002,  and  4  steps  > DM. 
45°3584,  or  6  '.6.  The  star  was  nol  again  observed  until 
May  11.  when  it  was  found  quite  bright,  and  evidently  near 
a  maximum,  which  phase  was  determined  to  have  been  passed 
about  April  28.  After  Ma\  II  the  star  rapidly  declined, 
ami  a  bright  minimum  was  reached  on  Julj  2,  the  brig 
being  I  steps<DM.  Il  3889,  DM.  13°4002,  and  3  steps 
<I).M.  I5°3564,  or  6". 6  A  slow  increase  was  followed  by 
a  second  maximum  on  August  20,  which  was  quite  faint,  t lie 
brightness  being  DM.44  3889,  and  I  steps  >  DM.  1 
or  6". 85.  After  a  slow  and  somewhat  irregular  decrease,  a 
ei    faint  minimum  was  passed   Nov.  10,  the  brightness 


OF    W  CTON1  (Cii.  7754  >.  IN    L890-92, 

SAWYER, 
being   I  steps>DM.  13  1002,  and  2  steps  >  DM.  45 
or  about  6". 9.     The  light  increased  very  rapidly  aft)     \    - 
vember  16,  and  a  very  bright  maximum  (the  brightest  I  had 
\('i  observed)  was  reached   1891  January  7,  the  brightness 
being   I   steps  < DM.  15°8558,  aud  .'!  steps  >DM 
dr  5".75.     A  vi-i  \  rapid  decrease  followed  after  .lain 
the  observations  terminating  on  February  10.     On  A 

itions  were  resumed,  and  IT  was  found  near  a  maxi- 
mum, which  phase  was  passed  about  May  15,  this  maximum 
being  a  fairly  bright  one.  Aftei  a  somewhat  rapid,  yet 
regulai  decrease,  a  minimum  was  reached  on  July  20,  the 
brightness  being  S  steps  <DM  -•   pa  >  I'M 

15  3584,  or  about  6". 65.     'The  light  increased  rapidly  after 
August  8,  and  a  tilth  maximum  of  about  the  average 
ness  was  passed  on  September  15,  the  bright) 
steps  >  DM.  14*3889,    1    -tep   -I'M 


:>l 
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steps  <DM.45°8558,  or  6".0.  A  slow  and  irregular  de- 
uniil  October  25,  was  followed  by  a  rapid  decline, 
and  a  very  fainl  miniraum  \\a^  reached  <>n  December  8,  the 
brightness  being  5  steps  < DM.  18  1002,  and  2  or  ■•  steps 
<DM.45°3584,  or  7M.0.  After  a  rapid  rise,  a  Bixtb  and 
fairly  bright  maximum  was  reached  1892  January  28.  Ob- 
servations discontinued  from  February  li'.  I.^AIay  HI.  When 
resumed  on  May  Ml,  II'  was  found  quite  bright.  A  rapid 
lis.-  followed,  :in. I  another  very  bright  maximum  was  passed 
on  June  •-'.  the  brightness  being  •"•  stcp>  <DM.  I5°8558,  and 
i'  or  8  steps  >DM.  16  8805,  or  5". 7.     The  star  remained  al 


Brighton,  Mass.,  1892  August  3 \ 


maximum  only  a  few  days,  when  it  very  rapidlj  faded,  ami 

another  very  faint  mini in  was    reached  on  AogUSl    I'-'.  tin' 

brightness  being  •<  steps  < DM. 48  Hue.',  ami  2  .n  '■'•  Bteps 
DM.45C8584,  or  7U.0.  '1'ln-  fluctuations  in  brightness 
during  the  pasl  two  years  have  been  more  mark.'. I  than  I 
have  previously  observed,  or  from  .">M.7  to  7".0.  The  inter- 
vals between  the  maxima  range  from  111  to  140  days,  the 
average  being  aboul  128  days;  while  the  intervals  between 
the  minima  range  from  126  to  ill  .lays,  the  average  being 
aboul  130  .la\ s. 


L892  Washington  M.T. 


OBSERVATIONS   OF   COMET«1892    swift), 

\|\|.|     Al     I' I  IK    IJ.S.    NAVAL    OBSERVATORY    Willi     II1K   9.6-INCH    EQUATORIAL, 

By  Prof.  E.  I'Kisiiv. 
Communicated  by  the  Superintendent 

o/'s  apparent 


No. 
Comp. 


la 


lB 


logpA 
fur.i  font 


Sept.  m; 

8  .v.i    18.7 

26 

Hi   18  32.5 

;;o 

7   -.",1  36.5 

19  ,  4 
L9  ,  1 


-\      12.11 

-1     2.20 

-1    -11.-1-2 


—(i  16  .". 
—9  21.8 
+  3   18.4 


(i  2  1  41.37 
0  9  5.59 
0     4  41.40 


4  .Mi  12  1.2 
+  48  34  43.1 
+  47  36  39.7 


»9  7$9 
»9.381 
«9.733 


9.551 

«.s.  MO 
9.798 


Mean    Places  far  is'.m.o  of  Comparison-Stars. 

* 

a 

Red.  t.> 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

•> 

3 

0  23  20.83 
0   10     4.85 
0     6   19.89 

+  2 '95 
+  2.94 
+  2.93 

+  50  42     4.8 
+  48  43  48.3 
+  47  33     3.2 

+  12 .:•              Bonu  VI.  +50°82 
+  16.6             Bonn  VI,  +  18°53 
+  18.1             RadclifTe  16 

OBSERVATIONS    OF    COMETS, 

MADE  AT  THE  HARVARD  COLLEGE  OBSERVATORY, 

By  0.   C.   WENDELL.  Assistant. 
i' municated  by  Professor  E.  C.  Pickering,  Director. 


1892  Cam  irido-e  M.T. 

* 

No. 

e>  —  * 

6/'s  apparent 

log 

PA 

Ja        |        JB 

a 

B 

for  a 

ford 

Comet  a  1882  (Swift.) 

May  is 

13   59 

10 

1 

5 

+  1    28.33 

f   5     9.0  i   23 

22 

0.80 

+  31 

31 

2.3 

»9.7()7 

0.668 

2  1 

14     4 

17 

2 

0 

+  2  30.91 

+    3  18.6      23 

36 

58.27 

+34 

25 

18.9 

/(9.717 

0.029 

.lime  15 

12   21 

10 

•  > 

0 

—  1    58.59 

+    0  47.(i         (i 

22 

13.23 

+  42 

33 

2.8 

»:».771 

0.682 

July  20 

in    .".2 

i»; 

4 

a 

—2     8.52 

—  3  33.1         1 

2 

4.07 

+  50 

•»•> 

37. s 

»9.836 

0.607 

2o 

11    is 

51 

0 

0 

—3   19.21 

—  12     8.2         1 

;; 

9.71 

+  50 

49 

41.5 

?i9.837 

0.501 

Sept.    2 

10  31 

46 

6 

■'< 

—  1    18.12 

—  0  23.4   |     0 

39 

56.38 

+  52 

32 

31.1 

,.9.730 

9.356 

(Jomet  il  1892  (  Denning. 

Sept.    1 

13     5 

12 

7 

5 

—0  32.39   1    +0  37.4     1      6 

9 

1.66 

+  31 

35 

51.2 

&9.709 

0.721 

0 

14  58 

13 

8 

0 

—0  20.64  1   +5   19.6          6 

11 

42.48 

+  31 

2'." 

39.6 

H9.669 

0.562 
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Muni   Places  for  1892.0  of  Comparison- Stars. 

Ued.  to 

5 

°                 1   api>. 

* 

a 

app.  place 

Authority 

1 

23,20",32.89 

—0*42          +31    26     5.4 

—12.1          W.Bessel  Will.     - 

2 

23  -".J   27.72 

—0.36          :  :;i   21   32  3 

—  2.0         W.Bessel  XXIII,  707 

3 

0   24   41.82 

0.00 

+  42  32  24.9 

—  9.1          B.B.  Vol. VI,  i. 

4 

1      4    11.48 

+  1.11 

+  50  26   13 

—  3.0         Oe.A,  1166-7 

5 

1      6   27.68 

+  1.24 

+51      1    53.4 

—  3.7           <».-. A.   1221-2 

6 

0  41    11.76 

+  2.74 

+  52  32    1 

+-   7.6         Oe.A,  734 

7 

6     li  34.36 

—0.31      1     +31    35     !M 

+  4.4         W.Bessel  VI,  176 

8 

6    12     3.31 

—0.19     1     +31    24    15.6 

!         W.Bessel  VI,  258 

REMARKS. 

('(.Mil  a  1892     Sun  i    . 
1.  Coma  somewhat  elongated.     2.  sky  somewhat  hazy;  nucleus  rather  faint;  no  definite  structural  detail  risible.     :;.  Nucleus 
well  defined,  and  rather  small ;  total  diameter  of  coma,  4'.     4.   Diameter  of  coma,  4'.     Nucleus  apparently  a  little  eccentric.     6.  Nucleus 
fairly  well  defined. 

(..Mil  d  1892    Dbnning  . 
1.  Comet  faint,  12th  magnitude.     No  tail.     Nucleus  pretty  well  defined. 


COMET  -/  L892    brooks  . 

A  continuation  of  the  ephemeris  of  this  comet,  extending  correction  required,  Oct.  7,  was  about  —'■'<  and  +1'.  From 
from  Oft.  lo  0.  2::.  was  sent  by  Father  Searle,  bnl  arrived  the  same  system  of  elements,  as  given  on  p.  86,  the  epheui- 
just  too  late  for  insertion  in  no:  275  of  the  Journal.     The      eris  has  been  further  continued  by  Mr.  Whitaker. 


EPHEMERIS    OF    COMET  d  L892, 

By    GEORG1 
Br. 

6  72 


7.94 


FROM    SEARLE'S    ELEMEN  PS, 


6r.  M.T. 

A 

pp. 

c 

App.  A 

log  A 

1892 

let.     21.5 

8 

:;;. 

37 

+  18   14.4 

0.0966 

22.5 

39 

11 

17   41.5 

2:;..") 

4  2 

17 

17      7.6 

.0854 

24.5 

46 

25 

16  32.7 

25.5 

50 

4 

15  56.9 

.0713 

26.5 

53 

45 

15  20.1 

27.5 

8 

57 

29 

14   42.2 

28.5 

9 

1 

14 

1  1      3.3 

2:'..". 

•"> 

•> 

13  23.3 

.052:: 

30.5 

8 

52 

12  42.3 

31.5 

12 

1  1 

12     0.2 

.04  16 

Jov.      1.0 

16 

38 

11    17.1 

2.5 

20 

34 

lo  32.9 

.0312 

3.5 

2  1 

32 

9    17.6 

4.5 

28 

:;.", 

'.<      1.2 

.0211 

p.  5 

32 

36 

8    13.8 

6.5 

36 

12 

7  25.:; 

.0113 

7.5 

to 

50 

6  35.7 

8.5 

:t 

!■"' 

0 

+    5    15.1 

0.0919 

9.37 


ll.oi 


12.88 


:.  WHITAKER. 

(Jr.  M.T. 

A 

pp.  a 

App.  ,\ 

log  A 

in 

o          / 

Nov. 

:> 

49   13 

+ 

10.5 

53    2S 

1     0.9 

1  1.5 

'.' 

5  7   i>; 

:;     7.1 

12.5 

10 

2      6 

2    12.:' 

.:'-(7 

13.5 

6  28 

1    17.5 

14.5 

lo  5:; 

+ 

o  21.2. 

.'.•77o 

1  5 . 5 

15  2o 

o  :;.".. 7 

Id.  5 

19  5o 

1   33.5 

17.5 

21    23 

2  32.0 

18.5 

• 

2,    2,1.1 

:;:;  36 

20.5 

38    16 

5  31.0 

- 

21.5 

12  59 

6   31.6 

22.5 

17    1  1 

7  32.6 

.9533 

23.5 

52   32 

-  r.:;.'.' 

24.5 

10 

5  7    2:'. 

9  2,5.:; 

25.5 

1  1 

2    If. 

- 

26.5 

11 

7    12 

11    38.4 

17.17 


21.71 


_':;.7:' 


COMET  e  L892   basnasd  . 


A  very  faint  cornel  was  photographically  found,  Oct.  12. 
by  Barnard,  at  tin-  Lick  Observatory. 
The  observed  position  on  the  nexl  uighl  was 

1892  Oct.  13.638  Gr.  M.T.    «  =  1 9h  33m  56".    8=+12   S3'. 

Daily  in. .lion,  +1°  41'  in  •'..  ami  2.7'  southward. 
Subsequenl   telegrams  give  the  position,  Oct.  15,  as  also 
elements  and  ephemeris  computed  by  Prof.  Campbeli  from 
ol.s.  ivati, .us  of  Oct.  15.  16  ami  17.     The  orbil  is  naturally 
uncertain. 
1892  Oct.  15.7125  Gr.M.T.    «=  19  38'23'.8,    8        I- 11  43  35. 


El  l  Ml  NTS. 

T  26.1 1  Greenw.  M.T. 

(U  —  in 

9,  =  184    13 

»  =  43     7 

q  =  1.9904 

I'.i-io  mi  bis  i  ob  Grki  nwn  ii   Midnight. 

Hr 

4- 10  42 

22.5  19  53  9   17 

20     2  28 

20   1121  -    6    II 
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1,1    \i  r 


App.  u 


EPHEMERIS  OF   COMET  a  1892   swift), 

i .Ciiiiiiinirii  from  page  80 
Br.  Gr.M.T. 


Oct.  20.5  23    i- 

21.5  18  8.3 

22.5  17  H».:; 

23.5  17  14.1 

24.5  16  19.7 

25.5  4(1  -J 7.1 

26.5  16  6  2 

27.5  15  I7.ii 

28.5  15  29.5 

29.5  to  13.7 

30.5  II  59.6 

31.5  4  7.1 

Nov.    1.5  36:3 

27.0 

3.5  23    II  19.4 


ipp.fl 

»  II  54.7 

li  36.5 

II  l.s.l 

II  IP.  I 

lii  12.5 

Up  24.6 

|pp  6.8 

39  19.1 

39  31. I 

39  13.9 

38  56.4 

38  39.0 

38  21.8 
38      1.7 

+  37  17.7 


log  A 
0.3415 


.3520 


3628 


0.3742 


0.03' 


.li.;  i 


.032 


0.029 


Nov.    I .  •"> 

.">  .  ."> 

6.5 

7,.'i 

8.5 

9.5 

10.5 

11.5 

12.5 

13.5 


App.  « 

23    l  I 

8.7 
5.6 
I. ii 
8.9 
5.8 
7.9 
I  1.9 
17..". 

23    I  I    24.1 


App.  a 

+  37  30.8 
87  l  l.l 
36  57.6 
36  41.2 
36  25  0 
36  8.9 
35  58. ii 
:;;,  37.3 
35  21.8 

4-85     6.4 


log  A 


.3980 


Br. 
0.027 

.025 

0.028 


A  comparison  of  the  ephemeris  on  p.  80  with  Prof.  Fmsm  - 
observation  of  Sept.  30  gh  es, 

<)_C.  /,<  =    -T)«.9,  18  =  — n'.l 


N"EW    ASTEROIDS. 
Dr.  Kreutz   has    kindly  communicated   the  following  information  received   by  the    Centrdl-Stelle  relative  to    Bmall 
planets  recently  found. 

1892  I).     Telegram  from  Mr.  Perrotin  iit  Nice,  Sept.  21, 

"Planet  photographed  by  Charlois  Sept.  19,  observed  at  Nice 
Sept.  i'i»     :i"  I0,n.3  M.T.     «  =  7°  25'  3",     3=  4-11°  25'  15".     12*.     Daily  motion,  — 12' in  «,  and  6' southward. 
This  is  not   Meliboea,  which  is  upon  the  same  plate.     It  may  be  uew." 
This  planet  is  very  probably  a  new  one. 

1892  K.     Telegram   from  Mr.  Perrotin  at  Nice.  Sept.  25, 

"Planet  photographed  by  Charlois,  Sept.  22  and  23,  observed  at  Nice 

Sept.  24      12"  0'"  M.T.      a  =   11°  38',     8  =   4-8°  35'.      1I,M.      Daily  motion,  —14'  in  a,  none  in  8." 

1892  F.     Telegram   from  Mr.  Perrotin  at   Nice.  Sept.  28, 

"  Planet  photographed  by  Charlois,  Sept.  ■!■<  and  'JtJ.  observed  at  Nice 
Sept.  27     7"  51"'. 8  M.T.     a  =  9°  54'  56",     8  =  —14°   13'  39".      12".     Daily  motion  —14'  in  a,  and  2'  southward." 


1892  G  and  H.     Communication   from  Mr.  Bebberich,  received  Sept.  29, 

■•  Two  planets  photographed  by  Wolf,  Sept.  25  9h  38m  Gr.  M.T. 

G     12".     «  =  0"  36"'. 6V    8  =  4-0°  21';  daily  motion  —1  1'  in  a,  and  10'  southward. 

//      12M.      a  —   0''   37'". 6,      8  =    4-1°      2';   daily  motion  — 11' in  «.  and     6'  southward." 
Both  of  these   positions  are  referred   to  the  mean   equinox  of   1892.0. 

1892  J.      I2M.     Also  photographed  by  Wolf  at  Heidelberg  Sept.  25, 
Sept.  30      1 21' Berlin  M.T.     «  =  0''  21"'. 7,     8  =  —2°  50'.     Daily  motion.— 15'  in  a,  and    1'  southward. 


CON'F  E  X  T  S  . 
N > > 1 1:  on  mi;  E moments  of  Some  of  the  .Moke  Recently  Discovered  Variables,  by  Mr.  Paul  S.  Yendell. 
Observations  of  the  Satellite  of  Neptune,  by  Prof.  Ormofd  Stone  and  Mr.  X.  M.  Parrish. 
Oca  i  imion  of  Mu:s  and  Jupiter  by  the  Moon  in  September,  by  Prof.  E.  E.  Barnard. 
The  Moiion  of  the  Solar  System,  by  Prof.  J.  G.  Porter. 

Fl    IR-MlCKOMETER    OBSERVATIONS   OK    COMET  O  1892  (SWIFT),    BY    Miss    MARY    W.    WHITNEY. 

Observed  Mamma  and  Minima  of    II  i'yoni  (Ch.  7754),  in  1890-112.  by  Mr.  Edwin  F.  Sawyer. 

Observations  ok  Comet  a  1892  I  Swifi  i,  by  Pro*.  E.  Frisby. 

Observations  of  Comets,  by  Mr.  O.  C.   Wendell. 

Comei  d  1892  (Brooks),  Ephemeris  by  Mr.  Geo.  E.  Whitaker. 

Comei  e  1892  |  I!  u:n  u:d). 

Ephemeris  of  Comet  a  1892  (Swift). 

Xew  Asteroids. 
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()X    THE    VARIATION    OF    LATITUDE,  VII. 

By    >.  C.  CHANDLER. 


We  now  come  upon  a  new  line  of  investigation.  Here- 
tofore, as  has  been  seen,  the  method  lias  lit- en  to  condense 
tliL>  results  of  each  series  of  observations  into  the  interval 
comprised  by  a  single  period,  then  to  determine  the  mean 
epoch  of  minimum  and  the  mean  range  for  each  serii  - 
finally,  by  a  discussion  of  these  quantities,  to  establish  the 
general  character  of  the  law  of  the  rotation  of  the  pole.  It 
is  ii. >w  requisite  to  analyze  the  observations  in  a  different 
way.  and  discover  whether  the  deviations  from  the  general 
provisional  law,  in  the  last  column  of  Table  11.  are  real, 
and  also  in  what  manner  the  variation  of  the  period  is 
brought  about.  The  outcome  of  this  discussion,  which  is  to 
be  presented  in  the  present  paper,  is  extremely  satisfactory. 
The  real  nature  of  the  phenomenon  is  most  distinctly  re- 
vealed, and  may  be  described  as  follows. 

1.  The  observed  variation  of  the  latitude  is  the  resultant 
curve    arising    from    two    periodic   fluctiia 

upon  each  other.  The  first  of  these,  and  in  general  the 
more  considerable,  has  a  period  of  about  427  days,  and  a 
semi-amplitude  of  about  0".12.  The  second  has  an  annual 
I,  with  a  range  variable  between  0".04  and  0". 20  during 
the  last  half-century.  During  the  middle  portion  of  this 
interval,  roughlj  characterized  as  betwei  a  L880, 

the  \aiue  represented  by  the  lower  limit  has  prevailed,  but 
before  and  after  those  dates,  the  higher  one.      I  lie  minimum 

and    maxiii i    of    this   annual    component    of     the    variation 

occur,  at  the  meridian  of  Greenwich,  about   ten  d 

the  vernal  and   autumnal   equi  loxes.  ly,  and  it  be- 

comes zero  just  before  tin   solstices. 

2.  As  the  resultant  of  these  two  motions  the  efl 
variation  of  the  latitude  is  subject  to  a  systematic  alteration 
in  a  cycle  of  seven  years'  duration,  resulting  from   the  eoui- 
meusurability  of    the  two  terms.     According  as  they  Con- 
or interfere,  the  total  range  varies  between  two-thirds 

of  a  sec 1  as  a  maximum,  to  but  a  few  hundredths 

second,  generally  speakiug,  as  a  minimum. 

3.  In  consequence  of  the  variability  of  the  coefficient  of 

th.'    annual    term    above    mentioned,     tin'    apparent    average 

period  between  1840  and   1855  approximated  to  880  or  390 

days;    widely  fluctuated    from    1855    to    1865  J    from    ;• 


about    1885   vvas   very   nearly  427  days,  with   minor  fluctua- 
tions;  afterwards  increased  to   near   440   .'lays,    and   very 

recently    fell    to   somewhat    below     I  o    neral 

-     of  these  fluctuations  is  quite  faithfully 
by  the  law  of  eq.  (3),  (no.  267),  and  accurately,  even  down 
to  the   minor  oscillations  of   individual   periods,  by  the  law 
of  eip  (  lo).  hereafter  given,  and  verbally  interpreted  i 
This   law    also    gives    a    similarly    accurate    account   of    the 
corresponding  oscillations  in  the  amplitude.     The  clos 
of   the  accordance   between   observation   ami   the    nun 
theory,  in  both  particulars,  places   the  reality  of  the  law  be- 
yond reasonable  doubt. 

To   proceed   to   the   methods   by    which   the  above   results 
have  betti  established,  the  values  of   the   latitudi 
indicated  by  tin'   individual   g:  I  each 

of  the  forty-nine  series  —  which  have  been  condensed  into  a 
Illations    foi  -    in   the   tables   on   pp. 

.   72  —  were    first    reduced  to    the   correct    mean  values 
of  the  latitude  for  each   series   by  subtracting   the  va 
X   there   given.      The   corresponding   dates    were   redui 

the  data  of  the  phase  at  the  Greenwich  meridian  by  adding 
the  values  of    '.  eq.(6).     The  results  were  then  tabulated 

u 

chronologically  in  20-daj  I  from 

1837    to    1892.     Weights    were    applied    according    I 
quality  and   number  of  the  observations,   by  ;   ■ 

following    tables,     where    p     i-     the     v  _lled     to     the 

serie-.  i'-  that  of  a  given  number  of  oh-crv  alio:  - 
having  the  weight  /■.  and  A'  is  the  number  of  I 
tions. 


T  via  i     X.      Wi  1..H1-. 

- 

- 

Ser. 

J' 

-     . 

1    1 

1"         1 

19        1              27 

1 

2     :; 

11         1 

20       1 

1 

- 

1 

::     l 

12         1 

21          1 

1 

1 

l     .". 

1 

1 

1 

- 

5     :; 

13       1 

22a      1             31 

11 

6     1 

ll       3 

:; 

1 

-I 

7      2 

15       2 

2  1         1 

2 

1 

8     1 

16       1 

1              3 1 

•j 

! 

9      1 

17       :'■ 

26       1 

1 

15 

•."    1 

Is           1 

1 
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/■  =  -' 

P  =  * 

10 

1 

l-    3 

N 
1 

\ 
1 

\ 
1 

2 

1-     7 

2       3 

2 

1 

8 

8     IJ 

i-    t; 

3-      1 

2-  3 

1 

13-  18 

7-     9 

5       6 

I 

.") 

i  I     25 

10-  12 

7-     8 

5-  6 

6 

26     3 1 

13-   17 

9-   1 1 

7-  8 

7 

85-    16 

18-  23 

12-   15 

9-1 1 

S 

i,      60 

24-  30 

it;-  20 

12-15 

II 

61-  7.". 

31-  .",7 

21-  25 

16-19 

10 

76   100 

38-  50 

26-  38 

•J))-'.';) 

1 1 

101-140 

51-  7ii 

84-  38 

26  35 

12 

i  n-200 

71-10(1 

39-  68 

36  50 

13 

201    300 

101-150 

69    n  in 

51-7  5 

1  1 

!    i] 

76  "J 

The  mean  values  for  all  the  20-day  groups  were  then 
taken,  by  weights,  in  three  ways:  .1.  foi  the  series  2,  1.  5, 
6,  7,  11,  13,  I  I.  15,  16,  17.  28,  29,  31,  33,  34,  36,  37,  H. 
12,  13,  II.  15;  B.  for  the  series  1,  3,  8,9,  9a,  10,  12, 12a, 
is.  1!',  20,  21,22,  22a,  24,  25,  26,  26a,  27,  28,  30,  32,35,  38, 
39;  C,  for  the  whole  data  combined.  The  separation  into 
the  groups  .1  and  />'  was  for  the  purpose  of  ascertaining 
whether  these  totally  distincl  series  of  observations  would 
mutually  confirm  each  other,  and  thus  establish  the  degree 
of  confidence  which  could  be  placed  on  the  results.  While 
in  general  the  observations  which  were  presumably  of  the 
highest  excellence  were  placed  in  class  .-I.  this  rule  was  sub- 
ordinated to  the  idea  of  obtaining  as  nearly  as  possible  a 
continuous  record  of  the  phenomenon  in  both  classes. 

Take  firsl  the  results  of  the  combined  data.  <'.  To  di- 
minish the  effect  of  accidental  error  in  the  20-day  groups, 
the  mean  values  of  each  three  successive  groups  were  com- 
bined with  those  of  the  corresponding  means  of  groups 
situated  respectively  about  400  days  before  and  after,  which 
represent  approximately  the  same  phase  of  the  latitude- 
variation.  It  is  hardly  necessarj  to  saj  that  this  process  is 
entirely  unobjectionable,  since  any  error  in  the  assumption 
as  to  the  period  which  it  involves  eliminates  itself  almost 
completely  from  the  means.  We  thus  obtain  a  series  of  ad- 
justed mean  observed  values  of  /-'.  at  20-day  intervals,  for 
the  whole  period  under  discussion,  from  which  the  accidental 
errors  are  very  hugely  eliminated.  A  plotting  of  them  pre- 
sents a  nearly  continuous  graphical  representation  of  the 
course  of  the  latitude-variation  during  somewhat  more  than 
half  a  century.  Upon  insetting  in  this  chart  the  course  of 
the  curve  computed  from  equations  (3),  (4)  and  (5),  the 
most  casual  inspection  suffices  to  show  the  fidelity  with 
whi  h  the  latter  follows  the  observed  phenomenon  through- 
out the  whole  interval.  It  requires  but  little  attention  to 
perceive,  with  equal  clearness,  that  systematic  deviations 
are  present.  The  most  characteristic  of  these  corresponds 
to  what  I  had  previously  discerned  in  discussing  the  indi- 
vidual series,  and  described  a  year  ago  (XI,  8(3).  For  a 
few  year-  the  -li'7-day  fluctuation  emerges  unmistakeably, 


then  for  a  while  obscurely,  to  reappear  in  full  force.  This 
phenomenon  teem-  bo  regularly  as  to  make  it  plain  that,  in 
addition  to  the  127-daj  period,  a  perturbatiou  exists  which 
is  a  fund  ion  of  the  sun's  longil  tide. 

Another  characteristic  of  the  phehomeiioii  to  which  at- 
tention was  called  ill  the  plaee  jnsl  cited,  was  ••that  the 
variations  in  the  length  of  the  period  seem  to  go  hand  in 
hand  with  simultaneous  alterations  in  the  amplitude  of  the 
rotation;  the  shorter  periods  being  apparently  associated 
with  the  larger  coefficients  for  the  latter."  How  well  this 
inference  is  now  borne  out  may  be  seen  from  the  following 
analysis  of  the  average  values  of  r  according  to  the  length 
of  the  periods,  as  gh en  in  Table  X I. 


Period 


Obs'd  r 


Coni|).  )• 


nder  390 

0.20 

0.20 

390    120 

.18 

.1!) 

120    150 

.15 

.13 

Over  150 

0.10 

0.08 

In  the  plaee  cited  it  was  remarked,  with  reference  to  the 
two  peculiarities  just  noticed,  that,  "if  confirmed  these 
relations  will  afford  a  valuable  touchstone,  iu  seeking  for 
the  cause  of  a  phenomenon  which  now  seems  to  be  at  vari- 
ance with  the  accepted  laws  of  tern-trial  rotation."  It  is 
interesting  to  observe  that  the  actual  discovery  of  th 3  real 
character  of  the  phenomenon  has  in  fact  been  n 
through  the  very  channels  thus  foreshadowed. 

The  next  essential  step  was  to  break  up  the  whole 
into  groups  of  eighteen  or  twenty  20-day  means  each,  repre- 
senting individual  periods,  the  minima  being  symmetrically 
situated  near  the  middle,  and  to  determine  by  least-squares, 
from  the  formulas  of  p.  1 8,  t  he  epoch  of  minimum,  and  range, 
for  each  period.  The  results  of  these  solutions  are  placed 
in  Table  X  I.  column  (  '. 

The  mutually  independent  classes  A  and  11  were  treated 
in  the  same  manner,  with  this  difference.  —  that  the  adjusted 
means  employed  in  the  least-square  solutions  were  found  by 
merely  taking  means  of  three  successive  values  of  the  20-day 
groups,  without  combining  them  with  the  corresponding 
means  of  the  like  phases  in  the  periods  immediately  b 
and  after,  as  in  ('.  The  results  are  placed  iu  columns  .|  and 
B.  Their  comparison  shows  an  agreement  which  is  very 
remarkable   when    the    minuteness   of    the   quantities    with 

which  we  are  dealing   i-  Kept  in  mind.       Indeed,   it   is  So  great 

that  substantially  the  same  numerical  coefficients  would  be 
derived,  in  the  formulas  hereafter  to  be  given,  if  we  should 
employ  either  of  these  independent  *ets  of  data  to  the  ex- 
clusion of  the  other.  This  fact  seems  to  justify  a  very  im- 
portant conclusion,  that  the  results  of  astronomical  obser- 
vation possess  a  refinement  and  freedom  from  systematic 
instrumental  error  which  we  have  not  been  accustomed  to 
accord  them.  It  instils  a  confident  hope  that  the  ultimate 
degree  of  accuracy  attainable  iu  such  measurements  may  be 
much  higher  than  has  been  supposed,  and  is  full  of  promise 
for  the  future  astronomy  of  precision. 
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Equation  (3) 
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'/ 

—3  1 

2392715 

0.40 

0.34 

ii.ll 

:  :.  21 

33 

3087 

3075 

.27 

3082 

.20 

= 

10  A 

32 

3462 

0.03 

.10 

3401 

.08 

3507 

.11) 

' 

= 

11  M 

31 

3839 

.05 

38  1 1 

.64 

.11 

3890 

.1  1 

= 

12  M 

30 

1 2  1  6 

.10 

4310 

.59 

I2H2 

.14 

1258 

.17 

1  2  1  2 

29 

1594 

J)7 

1667 

.56 

.17 

1620 

.26 

1610 

=; 

28 

1973 
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.28 

..".11 

= 

45  Mar.  5 

■>: 

535  1 
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5358 
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.27 
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26 

5735 

.09 
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6228 
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3 
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7171 

.  16 
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.18 
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7462 
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.03 

7775 
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.11 

7886 

.11) 
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5 

8290 
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8338 
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8236 
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8321 

.117 
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G 
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8751 

.1  1 
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9221 
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- 

8 

2409602 

.33 
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.19 

.21 
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85  Mai'.  27 
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2410044 
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10 
1  1 
12 

0489 

1.7 
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1  lio 

87  May  8 

.11 
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1387 

.21 
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.21 

211 1  102 

■K      11 
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211  1840 

0.23 

2  111  783 

2  111 783 

11  27 

2411800 

III-,   s 

I  be  subsequent  computations  air  based  on  the  combined 
data,  c.  Pursuing  the  hypothesis  already  suggested,  the 
observed  values  of  i<p  were  divided  into  groups,  whose 
mean  date  i-  indicated  in  the  Brsl  column  of  Table  XII.  and 
tin'  limits  of  the  groups  in  the  second  column.  The  numeri- 
cal constants  were  thru  determined  for  the  several  groups 
according  to  the  general  formula, 


9  —  <To  =  — ''.  '  G)      (in 

where  the  first   term  of  the   secoud   member  invoh 
127-day  variation,  and   I  that    depending  on  the 

sun's  longitude,  0  being  the  longitude  at  the  date   T   when 
this  term  i>   a    negative   minimum.     These  coustauU 
given  in  Table  XII.      Diose  for  the  first  three  _ 
been  given  only  half-weight  in  the  followiug  disci  • 
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IM-.M      \11.       CONSTAKI IN     1  '  -i: M  I  I   \    I  "1:    VARIOUS    Ep -. 
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O— C 

Tx 

0    c 

'•;; 

0     i 

r3 

1843 

2393090  5590 
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2394152 

+  27 
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2400853 

+    7 

186-4 

2400930  -3430 

.090 

1922 

+  39 

,046 

i     .002 

-J  lll'S 

+80 

I8C8 

2190    1690 

.159 

4    .039 

8206 

1  30 

.ii:;  7 
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An  examination  of  tbe  results  of  these  solutions  seems  to 
establish  the  truth  of^Wie  hypothesis.     From  the  intervals 

of   7',  :iinl  Zj  we  find, 


427-d 

iv  Term 

A 

inn 

al  Term 

5532  = 

1 3  X  4  25  7, 

5422 

= 

15  X  361.5 

870  = 

2  X   130.0 

1178 

— 

3  X  392.7 

1368 

3  X  456.0 

1 1 75 

= 

3  X  391.7 

1284  = 

3  X  428.0 

1374 

= 

4  X  343.5 

1274  = 

3  X  424.7 

1  i:;i 

= 

-J  x  358.5 

1298  = 

3  X  432.7 

1108 

= 

3  X  369.3 

1265  = 

3  X  421.7 

1  135 

= 

3  X  378.8 

1271   = 

3  X  423.7 

1449 

= 

4  X  362.2 

3076  = 

7  X  439.4 

2873 

= 

8  X  359.1 

The  accordance  of  the  various  values  of  the  two  periods 
is  very  striking,  and,  as  there  is  nothing  in  the  process  of 
determining  them  which  would  constrain  it.  or  sophisticate 
the  agreement,  it  seems  that  we  must  cdmit  the  terms  to  be 
genuine. 

in    the   first 


Taking  the  means  of   ' 

■j  and  rs  as 

ind 

icated 

column  below,  we  find, 

Groups 

/i 

r„ 

1843,58,61 

0.118 

0.127 

1864,68 

.124 

.042 

1872,75 

.121 

.042 

1878,82 

.129 

.042 

is:. o 

0.105 

0.184 

The  differences  among  the  values  of  r,  are  extraordinarily 
small,  and  ils  mean  value  appears  to  be  fixed  with  great 
precision,  so  that  there  is  no  reason  to  regard  it  as  incon- 
stant, fortius  period  of  half  a  century,  at  least.  The  co- 
efficient )'., the  contrary,  is  manifestly  variable:     For  the 

interval  from  about  1862  to  1882,  indeed,  it  appears  to  be 
practically  constant  ;  but,  from  another  inquiry  into  this 
point,  I  am  convinced  that  before  and  aftei  these  dates  its 
value  was  actually  much  larger  ;  as  is  shown  above,  although 
the  question  whither  the  change  was  a  gradual  or  an  abrupt 
one  cau  only  be  answered  after  further  investigation. 

It  is  convenient  to  have  a  general  numerical  formula,  for 
comparison  with  the  whole  series  of  observations,  to  aid  in 
further  investigation  of  the  subject.  I  therefore  adopt  pro- 
visionally, for  the  Greenwich  meridian. 


<p— yd  =  —0".  1 2  cos(7—  T, )  X  0°.835  —  r,  cos  (O+10°)  (15) 

where  7\  =  2406193(1875  Nov.  1  )  +  431JE  (16) 

rs=0".047  +0".003t  +  0".00025rs  (17; 
t  being  the  interval  in  years,  positive  after  1875. 

The  deviations  <>-   C    in   Table  XII    corres| d    to   the 

values  of  the  constants  her,-  assumed. 

A  considerably  closer  representation  of  the  observations 
between  1862  and  1882  is  obtained  by  the  simpler  formula, 


p0=  — 0".125  cos(«— 2406  191  )X0°.843 

— 0".050  cos(O  +  10°) 


(is) 


since  for  this  interval  the  period    may  be  taken  as  uniformly 

427  days.  Thus,  if  we  compare  the  values  of  7',.  in  'table 
XII,  for  this  interval,  with  the  expression  1\  =  2406191 
+  127/-.'.      we  have. 


Date 

E 

O— C 

1864 

—10 

+    I 

1868 

—   7 

+    4 

1872 

—  4 

—  3 

1875 

—    1 

+  14 

1878 

+    2 

2 

1882 

+   .", 

—  12 

A  closer  correspondence  could  not  be  desired. 

A  very  important  conclusion  n issarily  follows  from  the 

agreement  of  the  values  of  the  127-day  term  deduced  from 
the  intervals  between  the  consecutive  values  of  7',  in  Table 
XII:  namely,  that  there  has  been  no  discontinuity  in  this 
revolution. —  such  as  Prof.  Newcomb  regarded  as  so  prob- 
able that  he  doub ted  the  possibility  of  drawing  any  conclu- 
sions from  the  comparison  of  observations  before  and  after 
I860  i  A.J.  271.  p.  50). 

The  present  investigation  demonstrates  that  the  way  out 
of  the  apparently  irreconcileable  contradiction  of  theory  and 
observation  in  this  matter,  does  not  lie  in  the  direction  of 
discrediting  the  observations,  as  he  is  inclined  to  do.  On 
the  contrary,  the  result  is  a  beautiful  vindication  of  the 
trustworthiness  of  the  latter,  and  at  the  same  time  of  the 
theory  that  demands  an  invariable  rate  of  motion  :  provid- 
ing a  perfectly  fitting  key  to  the  riddle,  by  sin, wing  that 
another  cause  has  intervened  to  produce  the  variability  of 
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the  period.  I  feel  confident  tbat  Prof.  Xi  u.  omb  will  agree 
in  the  reality  of  the  explanation  here  set  forth,  and  will  re- 
consider his  view  that  the  perturbations  in  the  position  of 
the  pole  must  be  of  the  nature  of  chance  accumulate 
motion,  a  view  which  he  then  considered  necessary  to  the 
maintenance  of  the  constancy  in  the  period  of  la 
variation. 

Thus  theory  and  observation  are  again  brought  into 
plete  accord,  and  it  now  only  remains  to  ascertain  the  true 
nature  and  physical  origin  of  the  term  which  apparently 
depends  on  the  sun's  longitude.  In  speculations  on  this 
subject  it  seems  desirable  to  hold  to  a  prudent  reserve  uutil 
further  investigations  have  been  presented  in  the  next  paper, 
by  which  it  is  hoped  that  considerable  light  will  be  thrown 
upon  the  question. 

Meanwhile  the  accompanying  charts  have  been  prepared 
to  exhibit  the  nature  of  the  changes  which  have  been  going 
On  during  the  last  half-cciituiy.  and  the  satisfactory  account 
which  theabove  theory  gives  of  them.  The  upper  left-hand 
chart  gives,  in  the  heavy  line,  the  observed  value.-,  of  the 
semi-amplitude  in  column  C7of  Table  XI.  The  fainter  line 
gives   the  \  deduced   by 

taking,  from  the  curve  represent ing  it.  half  of  the  difference 

between  the  value  at  each  minimum  and  the  mean  of  the 
value-  at  the  maxima  immediately  preceding  and  following. 
On  the  lower  left-hand  chart  the  heavy  line  gives  the  devi- 
ations '  if  t  he  t .  i  eenwich  t  imcs  of  minima,  T.  in  column  C  of 
Table  XI.  from  the  formula  on  p.  To.  no.273,  7'=  2406291 
+4092?,  which  i-  tin'  best  uniform  period  which  will  satisfy 
all  the  observations  from   1840  to   1892.     The  dotted  line 


the  corresponding  deviation-  of  ti. 
no.  267,  and  emphasizes  how  - 
sented  the  observations 

The  faint  continuous  line  represents  the  1  On 

the  right-hand   chart  the   heavy  line  gives   the  latitudi 
ations  by  observation,  according  t< 

■  i  on  p.  98,  and  the  fainter  continuous  cur> 
by  eq.  i  15).     The  -mall  squares  re] 
nates.     The  curve  is  prolonged  to  about  the  middle  i 

day  =  2413000)  in  order  to  exhibit  the  pro 
nature  of  the  variations  during  the  m 

It  is  needless  to  comment  upon  the  fidelity  with  which,  in 
all  three  charts,  the  theory  adheres 
careful  inspection  will  cany  the  conviction  with  it  that  tl 
eral  nature  of  the  true  law  i-  before  us.     It  shouli 

out.    however,  that    the    place-    where    SVStemati 

appear —  the  most    notable   ii  - 
2399000  and  2400500,  (H 

where  the  observed  data   are    mos  .  that 

we   have  yet  no   warrant   to  assume   that  the  c 
the    formula   are   actually   constant    in    nature,   or   follow   a 
strictly  continuous   law.       Indeed,    it    i-.   ■>    ,  '    ;    . 

that,  so  far  as  they  depend  on   meteorol 

the  case;   and  it  is  hoped,  in  the   next   paper,  i 
that  real  deviations  from  a  continuous  law  actually  do 
Nevertheless,    the    result   of    the    compat 
formula  and  the  observations  sei  in-  to  demonstrate  that  the 
,-ed  variations  of  latitude  are  amenable  to  a  compara- 
tively   simple    law    to    a    degree    far    beyond    anything   that 
could  have  been  anticipated. 


OBSERVATIONS  OF   THE    PARTIAL   SOLAE   ECLIPSE   OF    L892  OCT.  20, 


MADE    AT   THE    ALLEGHENY    OBSKR1   ITORT. 

i  ommunicated  by  .1  imes  E.  Keelf.r,  1  >in 

The  observations  of  this  eclipse  were  made  under  favor- 
able conditions.  Light,  hazy  clouds  covered  the  sun  at  both 
contact-,  but  they  were  too  tliin  to  obstruct  much  light,  and 
the  definition  was  very  fair.  The  times  of  contact  and  cor- 
responding position-angles  had  been  previously  computed  by 
Prof.  Very,  from  the  data  given  in  the  'American  Ephi 
and  were  as  follows  : 


Fit  st  cont.. 
Last  cont .. 


23  59     7.1  K.Timc. 
2-58  33.2       •■ 


Pos.-Ai  12  42 

rn-.-  \nj:.         103    5     i 


First  contact  (quite  sharp). 

Last  contact,  general  tangency  of  limbs,     2  58  117 

Last  contact,  peak  of  last  lunar  mountain, 


(  >r.-l  i.v  1  I  IONS    i:\     .1.    E.     Kill  ii:. 

The  thirteen-incb  equatorial  was  used,  with  aperture  re- 
duced to  eight  inches,  and  a  polarizing  eyepiece,  power  120. 

Time-    were    recorded   on    a    chronograph     by    the    Fl'Odsham 

sidereal  clock,  which  was  compared  after  each  observation 

with  the  standard  mean  time  clock. 


I  M-.-i  K\  v  I  IONS    ri     F.    W  .    \  i  i;y. 

The  instrument  was  a   four-inch  equatorial  kindly' 
by  Mr.  Bkashkar,  with  unsilvered  plan.  eutral 

tint  wedge,  and    eyepiece    m.ignifyii 

were  noted  by  a  mean-time  chrononu  ter,  which  «    - 
with  the  standard  mean-time  clock  : 


te. 

of  lunar  mountains. 
ntact,  peaks  of  lunar  mountains. 


■ 


-!  IN    MI..N-     1.1      J,      A        BR  \-lll    ir. 

Mr.  Br  \-m  mi's  obsen  at 
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al  :i  point  aboul  200  yards  fr the  Alleghen    '< 

servatory,  in  the  direction  N.  30°  W.     The  instrument  was 
a   six-inch  equatorial,    with  polarizing  eyepiece,   power  70. 

a  good  watch,  which  was  coi 
witli  the  standard  mean    timi  Fore  and  after  the 

eclipse. 

First  contact,  '   E.  I  ime 

Last  contact,  gen  2  58  1 2.8        '• 


CoRREI   riONSTO   rHE  Al  I  I  ..in  si    (  >l:-l  i:\  ITOR1  TlME-SlGNAL8. 

Ae  the  time-signals  of  the  Allegheny  <  Ibservatory  are  used 

throughout    the    Pennsylvania   Railroad  system,   their  cur- 

us  at  the  times  of  contact  are  given  below  for  the  bene- 

Bl   of  persons  wl ly  have  used  them  in  observii 

eclipse      The  clock  is  regulated  to  E 

Ai  0     Oct.  20,  1892,       IT  -  -  -    OJ  1 
At  8     Oct.  20,  1892,      IT  =  —0.11 


PHOTOGRAPHIC    DISCOVERY    AND    VISUAL  OBSERVATIONS  OF   A    COMET, 

I!v   E.   I'..   BARNARD. 


On  tin'  night  of  October  12  1  made  an  exposure  of  four 
ind  twenty  minutes  on  the  Milky- Way  near  <<  Aquilae, 
from  6  10™  to  11  0'  Standard  Pacific  Time,  using  the  Wil- 
hii'd  lens  of  the  Crocker  Obsei  vatory. 

Upon  developing  the  plate,  I  detected  a  narrow  hazy 
streak  mi  it.  about  18'  long.  This  was  .it  once  suspected  to 
be  a  comet,  as  1  was  familiar  with  the  region,  and  had  pho- 
tographed tin-  same  place  on  Sept.  26,  the  plate  then  show- 
ing no  such  mai'kiug.  By  this  time  the  positionof  the  ob- 
ject »  to  the  horizon  that  a  search  for  it  with  the 
12-inch  was  out  of  the  question.  The  position  from  the 
plate  at  9*  0m  xva^  about    a  —  1 4h  32m,   8  =  +  12    50'. 

The  following  night,  Oct.  13,  as  s i  as  the  sky  «a~  dark 

enough,  1  turned  the  12-inch  on  the  spot,  and  after  a  search 
'I  '  -.  few  minutes,  found  a  faint  baz}  objeci  about  a  minute 
in   diameter,  and  not    brighter  than  12i  or  13  magnitude. 


Observations  showed  this  to  be  a  new  comet,  and  a  position 
was  hurriedly  secured  before  the  skj  fogged  over.  A  tele- 
gram announcing  the  discovery  was  at  once  sent  out. 

The  trail  of  the  comet  falls  very  close  to  the  middle  of  the 
plate,  which  is  an  exquisite  photograph  of  a  remarkable 
region.  The  plate  nsed  was  a  10x8  Cramer  "  Lightning 
From  the  facts  that  the  trail  is  strongly  marked,  and  the 
comet  is  visually  a  faint  object,  it  would  appear  that  its 
light  must  be  mainly  actinic. 

Jn  the  telescope  this  objeci  has  no  nucleus,  but  i»  gradu- 
ally a  little  brighter  in  the  middle.  It  strongly  resembles 
in  appearance  Class  I  of  short-period  comets. 

This  is  the  first  comet  whose  original  discovery  was  made 
l'\  photography. 

Following  arc  the  observations  so  far  obtained. 


FILAR-MICROMETEll   OBSERVATIONS   OF   COMET  e  1892  ibabxabd, 

HADE  Willi  Till,   1.'  is.  li   EQ1    CTORIAL  OF  THE   II.  K   OBSERVATORY, 
Bl  K.  E.  BARNARD. 


1892  Mi.  Hamilton  M.T. 

* 

No. 

#- 

-* 

^'s  apparent 

log  pA 

(   olnp. 

Ja 

Ah 

a                         8 

for  a       1     for  i 

Oct.    13        7   12  29 

1 

3  .  5 

+  0'"    2.77 

+  1    14.0 

19  33  57.56 

i  .    30     5.0 

9.195 

0.582 

15       8   59   28 

2 

3  .  1 

+  ()    lo. so 

—2   23.7 

19  38  23.84 

+  1  1    13  35.1 

9.535 

0.623 

1G      10  21      4 

3 

3  .   1 

—3     5.67 

—5   17.2 

19    10    13.59 

+  11    19    19.0 

9.639 

0.666 

17     10  37  30 

4 

10  .   1 

—  1    4  2. 7C, 

—0  30.5 

19  42  59.03 

+  1(1  57   16.2 

9.655 

0.683 

18       6    1  1   29 

5 

3  ,  4 

+  0   10.82 

—3   12.8 

19  4  1   55.72 

+  10  38    15.9 

9.013 

0.604 

19       6  57  25 

6 

6  ,  4 

+  1    20.23 

+  S  30.6 

19  47   12.56 

+  10  17  26.5 

9.137 

0.606 

Mean   Places  for  1892.0  of  Comparison- Stars. 

Red.  to 

S 

Re  i 

* 

a 

app.  place 

app.  place 

Authority 

1 

+  1.54 

+  12  28    U.9 

+  9.1 

imp.  with  Lai.  37232 

• 

2 

11.49 

+  1.55 

+  11    45   49.6 

+  9.2 

Giant  4886 

3 

19  43  47.70 

+  1.56 

+  11    24    57.0            +9.2           Grant  1910 

4 

19    It  40.24 

+  1..55 

+  10  57   .".7  6            +9.1 

B.B.  lot;:, 

5 

19  4  1 

+  1.53 

+  10  41    49.7            +9.0 

Lamont  1670 

6 

19  45  50.81 

+  1 .52 

+  10     8  47.1            +8.8 

Grant  4921 

On  Oct.  13,  15,  16  ami  Is  the  Jn  was  measured  directly  with  micrometer. 

star  X...  .".  is  DM.  10G40G6,  where  it  is  given  as  8*. 5.     Lam   gives  it  10M.     My  estimate  was  9". 

Mr.  Hamilton,  1892  October  20. 


DM.  and  Lamont  differ  1«    in  R.A. 
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PROPER-MOTION    STARS, 

Bi    I  .   L.   DOOLITTLE. 


In  deriving  the  declinations  of  about  150  B. A. C.  stars 
used  in  my  latitude  work  of  1889-90,  a  number  of  instances 
of  proper  motion  were  brought  to  light. 

In  case  of  a  few  of  the  stars  given  in  the  following  list, 
proper  motions  have  been  assigned  by  others,  but  with  values 

differing  materially  from  those  fo I  hy  myself.     Most  of 

them,  however,  are  believed  to  be  new. 

In  the  reduction,  the  greater  part  of  the  published  ma- 
terial has  been  employed,  and  in  a   Dumber  of  instances  un- 


published  observations    have    been   kindly   sup] 
( in-run i.li  and  elsewhere. 

Boss's   -\  sternal ic  correi  i  d   applied  I 

declinations   of    the    older  catalogues,    and    his 

1  enerally  been  used.     No  - ;  st<  mal 
have  been  applied  to  thi  asions,  with  the 

tion  of  Piazzi,  where  Newcomb's  value  has  been  em| 

The  right-ascensions  are  probably  less  relial 
declinal  ii  >ns. 


B.A.C 

Mag. 

a 

8 

h- 

!>■' 

Gt.  Circle 

B.A.C 

Mag. 

a 

a 

h       n<       s 

0       1        n 

91C 

6 

■2  51  36.1  1 

40  31  58.85 

4-.tll.s7 

.219 

1728 

6 

1  I     9  21.05 

12    6  . 

1507 

5.6 

4    9  50.6J 

19  1  I  2! 

+  .0058 

Oi 

.082 

Is  ■_':, 

6.2 

1  1  29  31.88 

37  10  33.38 

1813 

6.3 

;,  39  29.00 

68  25  52.20 

—.0029 

—.060   .062 

1841 

6 

1  1  33  30.82 

Ii  1" 

1970 

6.5 

6    2    0.21 

22  12  27.97 

—.0032 

.027 

k052 

1874 

6.2 

1  1  38 

61    17  12.50 

+  .01  15  —.0, 

2083 

6.2 

6  22    7.25 

73  47  14.14 

—  .0312 

—.030 

.134 

5147 

5.9 

15  29 

—.0140   +.081    .121 

2139 

6.7 

6  27  57.13 

38  32  37.76 

—.0000 

—  .027 

.027 

5210 

6.5 

26.97 

22.17 

•-'70  1 

6 

7  59  17.64 

58  36  41.57 

—.0000 

—.087 

.087 

:.77l 

17     1    16.79 

0  54 

so.s:; 

6.7 

8  56  30.45 

51  19  12.75 

—  .(1101 

—  .07:'. 

.120 

6193 

6 

18    -  54.63 

38   1  1  22.91 

—.0017   +.0i 

3397 

6 

9  50    3.23 

46    0  31.60 

,0000 

—.001 

.061 

19  19  59.51 

12.98 

1  17    .056 

3468 

6 

10    ■".  17.98 

38    1     0.07 

—.0052 

—  .012 

.071 

7978 

6.7 

22  17  28.86 

39  30  11.94 

- 

1  103 

6.5 

13    3  39.13 

17  30  56.29 

—.0035 

—  .030 

.058 

8122 

6  - 

23  13  2  ■:.  01 

7;;    0  21.94 

4510 

5.7 

13  23  51.63 

60  35  30.68 

—  .0101 

+  .031 

.083 

8365 

6.5 

23  58 

1   1  1   19.87 

4694 

7.2 

14    0  53.56 

:;i  26  53.86 

.0000 

—  .071 

.071 

Bethlehem.  Pa.,  1892  Sept 


OBSERVATIONS  OF   THE    NEW   SATELLITE   OF   JUPITER, 

By  ORMOND  STONE. 

Barnard's  new  satellite  of  Jupiter  was  observed  with  the 
26-inch  equatorial  of  the  Leauder  McCormick  Observatory, 
on  the  night  of  ( >ctober  18.  After  ii\  e  measures  of  distance 
had  been  made  clou. Is  prei  ented  further  observations.  Popr 
seeiug  has  also  prevented  seeing  the  satellite  on  anj 
quenl  night. 

Measured  diameter  of  Jupiter  51". 18.     Position-an 
micrometer  threads  246  .4,  obtained  from  observations  of 
the  belts  of  Jupitt  r. 


Eastern 

D 

si andard  Time 

Distance 

fi 

mi 

center 

foil,  limb 

61  91 

11   59   28 

prec.  limb 

12     3  52 

prec.  limb 

12   17  29 

foil,  limb 

:',7.s;i 

12  24   50 

foil,  limb 

NOTE   ON    Till-:    PERIOD   OF    INK    FIFTH    SATELLITE    OF    JUPITER, 

By   E.   E.   BARNARD. 


For  9ome  reason,  not  jusl  now  apparent,  the  valui 
the  periodic  time  of  this  satellite  as  given  in  my  paper  in 
.1../.  275,  are  uol  the  values  thai  would  result  from  the 
given  distances,  as  will  be  readily  seen  by  recompntation. 
This  erroneous  value  >>(  the  period  has  been  cabled  to 
Europe. 

I  have  been  waiting  for  a  well-observed  easl  1 
gel  a  fair  value  of  the  period,  but  tlm  wind  has  for  ■■<  long 
time  shaken  the  telescope  so  badly  during  the  obsen 
that  I  have  not  been  able  to  secure  a  satisfactory  ohm 


From  the  - 
Greenwich  M.T.,  and  another  1  nsun  > 

and  after  elongation),  Oct 
duced  tin1  follow  ing  :  — 


Period  =  11' 


the  observations  before  using  being  corrected  for  pat 
and  the  velocity  of  light. 
This  period  gives  the  satellite  a  mean  distance  of  1  ' 

mill's. 
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From    seven    sets    of    measures  :ii    east   elongations,   the 

elonguti listauce  comes  out,  18". 094  al  distance  5.20. 

Tin-   value   also    corresponds    to    :i    distance    of    11*2510 


I  have  Becured  a  few  measures  al  the  west  elongations, 
and  tin-  distance  seems  to  !»■  1"  less  than  for  the  east. 

It  is  evidenl  that  < siderabli    eccentricity  exists  in  i!  <■ 

orbit . 


.1//.  Hi  will,,,,.  1892  October  23. 


Or.  .Mr. 

.\ 

pp.  ,c 

Mm.  8 

log  A 

Br. 

Nov.     3.5 

l'ii 

20   16 

•  .,  31 

0.2946 

0.70 

24    12 

i  57 

7.."i 

2  a  8 

1   27 

.3057 

.65 

9.5 

33  .".I 

:;  :,7 

1  1.5 

38     0 

:;  i'7 

.3190 

.60 

13.5 

42  24 

3     0 

1 ."> . .") 

16    18 

2  33 

.3303 

.56 

i7.;. 

46   10 

2     8 

19.5 

20 

55  32 

■f  1   4  ■'! 

0.3451 

0.51 

EPHEMERIS   OF   COMET  e  L892    /.i/.v ./,/,  . 

i  ii. in  i  impb)  i  i  9  Elements,  i>.  95.] 
Bi    Miss    F.    GEB  i  i  m  DE    WENTWPRI  ii 

Barnard's  observation  of  Oct.  H>  gives  corrections, 
(O  C),  +Hr  and  f-0'.2;  bul  the  corrections  must,  of 
course,  now  be  very  large,  since  the  elements  were  based  on 
single-day  iuten  als. 


The  Editor  deeplj  regrets  thai  the  want  of  observations  of  this 
cornel  ha-  made  ii  impossible  to  pro-,  i ■  J » ■  for  later  elements  and  the 
improved  ephemerls  which  they  would  afford.  The  transfei 
Observatories  at  Albany  and  Washington  to  new  sites  creates  a 
serious,  even  though  temporary,  interruption  to  the  wonted  supply 
of  early  obsen  ations. 


[RREGULAR   PROPER   MOTION   OF  p  PERSEI. 


Tin-  season  for  tin-  convenient  observation  of  Algol  and 
the  neighboring  fundamental  stars,  with  the  meridian-circle, 
is  cl..sc  al  hand,  ami  ii.  is  desired  to  call  attention,  respect- 
fully and  urgently,  to  the  importance  of  such  observations 
to  confirm  the  irregularity  in  tin-  proper  motion.  It  is 
hoped  that  these  stars  will  be  put  on  the  working-lists, 
wherever  then  observation  is  not  inconsistent  with  other 
work.  For  convenience  the  list,  as  employed  in  uos.  255 
ami  •_'.")(;,  is  heie  given.  The  publication  of  any  existing  ob- 
servations   made  within    the   last   few  Years  would    also  prove 

extremely  timely  and  acceptable. 


i  -  for  1875 

OF 

.',  Perst  i   lnd 

ii- 

Comparison-Stars 

•■  Aiidromi'ilui', 

l 

1  1 

+  41 

13.7 

!>'  Trianguli 

•> 

2 

7 

,'H 

23.7 

6  Persei, 

2 

35 

40 

48 

11.9 

1 1  Arietis, 

2 

1-.' 

38 

26 

1  1.6 

/'<  i  sei, 

.' 

15 

53 

0.9 

a 

■J 

57 

10 

38 

21.3 

.  Persei, 

:; 

0 

2 

40 

28.3 

a          " 

:; 

15 

24 

19 

24.9 

s 

3 

:,! 

•j 

17 

L'.'i.l 

v       u 

3 

36 

42 

42 

10.9 

/,  Tauri, 

.". 

in 

3 

23 

13.0 

."  Persei, 

3 

•16 

17 

:;i 

30.6 

z 

:i 

19 

28 

39 

38.8 

S       " 

3 

50 

51 

35 

25.8 

CORRIGENDUM. 

No.  276,  pp.  94,  95,    for    Comet  d  1892  (Denning),    put    Cometdl892  (Brooks). 


C  O  N  T  E  N  T  S  . 
Ox  niF.  Variation  of  Latitude,  VII,  by  Dr.  S.  C.  Chandler. 

Observations  of  the  Partial  Solar  Eclipse  of  1892  October  20,  at  the  Allegheny  Observatory. 
Photographic  Discovery  and  Visual  Observations  oe  a  Combt,  by  Prof.  E.  E.  Baknard. 
Pro  i  i:  Motion  Stars,  by  Prof.  C.  L.  Doolittle. 

Observations  oe  the  New  Satellite  of  Jupiter,  by  Prof.  Ormond  Stone. 
Noii.  on  hie  Period  of  the  Fifth  Satellite  of  Jupiter,  by  Prof.  E.  E.  Barnard. 
Ephemeris  or  Comet  i  1892  (Barnard),  by  Miss  F.  Gertrude  Wentworth. 
Irregular  Proper  Motion  of  p  Persei. 

(  lORRIGENDUM. 

I'l-Bi.isiiED  in  Boston.  mmi-M"Ni 
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MEASURES   OF 

l'.v  F.  P. 

The  measurement  of  the  stars  contained  in  this  list  was 
undertaken  :it  the  suggestion  of  Mr.  Burnham,  who  fur- 
nished us  a  list  of  his  double  stars  which  needed  re-measur- 
ing, and  which  were  not  too  difficult  for  om  telescope.  To 
these  were  added  a  few  of  the  more  important  binary  stars, 
and  several  other  star.-. 

The  observations  were  made  with  the  1 0-inch  equatorial  of 
the  Haverford  College  Observatory  during  the  tirst  pari  of 
the  year  1892.  The  observers  were  Wh.  il.  Coi  i  ins.  J.  II. 
Dknnis,   K.   II.  Gifford,  G.  L.  .Tom-  and  F.  P.   Lkayen- 

n  I  ,i:i  il. 


DOUBLE   STARS, 

LEAVENWORTH 


1892.069 

2.069 


I  *!.•_>.(  i.s 7 


1892.135 


P 
256°9 

111.0 


Z'262. 

21'   19'".  Di  Cl 

\    AM.   B. 

s  wt. 


Mag 


6.99 


0.293. 

R.A.  =  4h54"\        Decl.  =  +1  55'. 

1892.058  49.0         .    .         4        8.5  8.5 

.135  47.7        0.98        4        8.0  8.0 


1*. I 


R.A.   = 

186.5 


0.72 


8.2 


B.2 


Decl.  =  — 1°  55'. 

4       8.0  9.0 


OS. 

<  18m.  I 
1.08  3 
1.16       3       8.3 


8.0 

3 


R.  \ 
1892.126        -Ml.  I 
.135        214.1 


1.12 


1.82 
1.26 


8.2 

D  i. 

Decl.  = 

3        1.0 

1.0 


56 
8.0 

8.0 


1892.181        214.2        1.54 


1.1' 


8.0 


h    Obs'r 
5 .5        ( ' 


5.2 


6.5 
6.3 


R.A.  = 

P 

s 

021. 

- 
wt.      Mag.        Mag. 

A 

Obs'r 

1892.1  18 
.184 

86.9 
85.0 

0.68 

3        8.0 

2       8.2          9.5 

4.9 
9.2 

L 
L 

1892.166 

86.0 

0.68 

2       8.1          9.4 

B.A.  = 
16          22.8 

Very  difficult. 

6h  30™. 

754. 

Decl.   =  — 
2 

6.5 

L 

01 

£152. 

1892.1  16 

.148 

i;  \    . 
35.9 

0.87 

Decl.   =  -t-M 
2       7.  i 
6.0 

."..1 

I. 
L 

1832.1  17 


1892.1  16 

.1  18 

.242 


35.2 


-- 


- 


It  A.    =  6'  ;'•;•".  Decl.    = 

A  \M>     B. 

214.2        5.63  2        7.0 

215.0        5.91  2        7.n 

214.4         5.64  2        7.5 

217.2        5.65  2        7.0 


11.5 

ll.o 
11.0 
11.0 


i;   \ 
•■'.il.:, 
.126       314.9 

314.7 


//..I  //.  64. 
rh  10'".         Decl.  =  - 


2  ;- 


1892.102 


E.A    = 

2:;. 2  1.63 


pi  99. 


5.6  L 
6.4  I. 
6.2        (' 


1892.182       21.",. 2        ,-,.71  2        7.1         11.1 

A  VM>    ('. 

1892.149        178.4      85.04  2        7."        12.0 

Companions  very  faint. 

R    \     .      •.     -.  I  Decl.   =  - 

Is;, 2. 127        2.-..-..  'i        2.92  3        7.5         11.0 


8.1 


I. 


106 
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/£11I0. 

N 

1356. 

R.A. 

Decl.  =    • 

i;  \ 

Decl.  = 

+'.' 

/• 

a          \m.      Mag.        Mag. 

h 

« 

» t         Mag 

Mag. 

h 

'  -  i 

1892.876 

280.8 

-  i 

.1 

1892.182 

108.  i 

0.86 

6.5 

7.5 

9.8 

1 

.876 

228.9 

5.41     ;; 

9.0 

1. 

.  i  u; 

103.5 

l.l  1 

1         6.5 

7.5 

1  1.0 

( 

..".T.i 

2«  0.2 

5.30 

.1 

.351 

.:;.'.7 
.376 

106  1 

101   o 

105.6 

0.69 

;; 

.;.:. 

1  1.7 

1. 

229.8 

5.32 

1902. 

0.74 
0.94 

.;       6.0 
2       6.5 

7.0 

1  1   0 
12. o 

L 

1892.273 

10  1.5 

0.87 

6.8 

7.1 

l;  \ 

71'  .')2'".         Duel.   =  - 

1892.189 

•Jin.  1 

.     .           2         8.0           11.0 

L 

0 

£215. 

.2":: 

2  1 .".  s 
245.0 

1.17         2         8.0          11.5 
.    .         2        8.0         11.5 

8.1 

1. 
L 

1892.379 

R.A.   = 
212.2 

10    p.  , 
0.58 

Decl.  - 

:;       .   . 

4-ia 

0  20'. 

1  1.1 

1. 

[892.205 

248.7 

i'>n  \  cry  f 

1.17                 8.0         11.3 
ihvj,  and  difficult. 

(3202. 
7"  57"'.        Decl.  =  — 2G    B3 

.401 

212.  1 

0.75 

3       7.0 

7.1 

12.1 

1. 

i  lompai 

1892.390 

212.3 

0.66 

7.0 

7.1 

K    \ 

V 

1  -1 21 . 

L892.160 
.204 
.204 

159.9 
161.2 
159.9 

7.61        2        7.5         l(i.:l 
7.58        2        7.(i         lo.ii 
7.66        2        7.5         11.0 

8.7 
8.0 
8.6 

I. 
L 
C 

1892.340 
.376 

R.A.  = 

114.6 

116.4 

10''   14"'. 

3.41 
8.35 

Decl.  = 

2 

+2C 

24'. 

9.8 
8.1 

L 

.1 

1892.189 

160.3 

7.62                 7.3         I'M 
(3581. 

.:;7(; 
.:;7:» 

1  13.2 
1  12.6 

3.49 

:!.46 

•'!         .     . 

8.2 
9.0 

1. 
.1 

.  nil 

11  1.6 

3.62 

10.  I 

(; 

4(A-r-B)   am.  C 

1892.383 

114.3 

3.47 

1892.182 

190.5 

3        8.0         11.0 

8.5 

C 

1892 


1 1<; 

1  19 

2ol 

2  1 2 


I!. A.   =  8h  8™. 

79.2  3.68 

79.8  3.29 

81.1  3.00 

80.7  2.77 


,-•.'01. 
Decl. 


8.0 
8.0 
8.0 
8.0 


11.5 
11.2 
10.5 
11.0 


6.8 
9.4 
9.5 


1892 


8.0 


11.0 


L892.231 

.286 


.185  80.2        3.18 

ompanion  very  faint. 

(3  154. 

R.A.   =  8h  10">.         Decl.   =  —30    29'. 

15.8         2. :',4        2        8.0  9.5 


17.4 


2.64 


10.0 


8.2 

9.0 


1892.258 


1892.132 


16.6        2.49 


7.8 


R.A. 

174. ; 


024. 

8*  48m.         Decl.   = 

i.o2       :;       7.5 


9.8 


18'. 
8.0 


1892. 


209 
231 

2H4 


0410. 

R.A.   =  9h  4'".         Decl.  =  —25°  19'. 
161.3        1.86       2        7.o  9.0 

I'll.:;         1.61        2        8.0  9.5 

160.0         1.43        2        7.0  9.0 


9.0 


9.2 
8.5 
9.6 


1892.245        160.9 


1.63 


7.3 


1892.116 
.160 


R.A.   = 

327.2 
326.4 


^337. 

9>>  17"'.         Decl.   =  - 

7.93        2        7.0 

7.85        2        7.0 

7.72        2        7.0 


9.2 


r°  23'. 

10.0 

10.0 
10.5 


1892.1  16 
.195 

.209 

.29  4 


R.A.  = 
187.2 
187.8 

1H2.5 
IS.",.  (I 


101'  1G'". 

2.13 

2.4  7 
2.14 
1.80 


(3219. 

Decl.  = 

2  7.0 
2  7.0 
2  7.0 
1         7.0 


9.0 
9.5 
9.0 
9.0 


10.0 
11.2 
9.5 

U.6 


1892.211  188.1 


2.14 


7.0 


9.1 


0411. 


1892.286 

.2!' I 

.313 
.330 


R.A.  =  m1'  :;n'". 

290.4  1.17 

291.8  1.63 

289.3  1.03 

291.1  1.34 


Decl.   = 
1         7.0 

1  6.5 

2  .    . 
1        .    . 


1892.306        290.6         1.29 


i;..s 


21457. 
R.A.   =  101'  82">.  Decl.   =  +G°  21'. 

1892.132        320.3         1.39        2        7.5  8.0 

.146        319.8         1.14         2        7.0  8.0 


10.5 
11.5 


1892.138       320.0 


.26 


R.A.   =  10h  43' 


9.5 
9.1 

10.:"". 


1892.194 


7.83 


7.0 


10.2 


1892.286 
.294 
.302 
.313 


239.1 
234.7 

230.1 

22G.0 


0.8E 

ii.,;/; 

0.  r./-: 

0.8.E 


(3915. 

Decl. 

1 

1 

2 

2 


9.0 


j.O 


■+-24    55'. 

9.0 


11.0 


11.0 


1892.299       232.5        0.7 

2? estimated.     Faint  and  difficult. 


9.0 


9.0 


L 

10.1 

C 

10.5 

L 

10.5 

C 
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THE     ASTRONOMICAL     JOIHXAL. 


107 


21523. 

P 

926. 

R.A.  = 

11"   12™.         Decl.  = 

+32-   13'. 

R.A.  = 

. 

— :,    24'. 

P 

.i          wt.      Mag 

Mag. 

h 

Obs'r 

P 

s 

wt. 

Mag 

Mag 

h 

1892. 1  17 

197.0 

1.71        3        4.5 

5.5 

13.2 

L 

1892.302 

268°  1 

-.:;! 

2 

8.0 

12.il 

13.11 

L 

.453 

196.1 

1.49        3        5.0 

5.5 

13.3 

L 

.376 

i'7.;.7 

2.13 
2.23 

2 
1 

8.0 
8.5 

11.5 
1  1.5 

13.2 

L 

1892.450 

196.6 

1.60                 4.8 

5 . 5 

C 

1892.336 

269.9 

2.23 

li.7 

OSiM. 
R.A.   =  ll'  24"\         Decl.  = 
1892.453        136.5        OAE       1        .    . 
^estimated.     Very  difficult. 

+  11     57'. 

L 

1892.302 

11.  A.    = 

293.3 

l; 

1.'.'.". 

112. 

VM.    C. 

2        9.3 

+19°  r. 
9.8 

12.6 

L 

.313 

287.9 

1.91 

2 

L 

0.2235. 

.351 

1.83 

■> 

13.2 

L 

11. A.    = 

II1'  26m.        Decl.  = 

+G1°  45'. 

1892.322 

291.1 

1.90 

9.1 

- 

1892.447 

84.2 

0.82        2        5  0 

7.0 

13.5 

L 

.453 

86.6 

0.78       3       5.5 

7.0 

13.7 

L 

927. 

l.v.t2  i;,(i 

85.4 

D..SH                 5.2 

7.0 

13.6 

it.  \.  = 

. 

Decl.    = 

— :,     :,:;'. 

1892.294 

289  2 

4.52 

2 

10.0 

12.5 

I. 

(3917. 
II1'  37ra.         Decl.   = 
2  98        2        7.5 

.302 

292.2 

4.38 

2 

8.0 

10.0 

13.5 

I. 

R.A.   = 
173.6 

+11°  22'. 
1 1.0 

10.3 

C 

.351 

290.2 

1.35 

2 

10.0 

13.0 

1. 

1892.146 

1892.316 

290.5 

4.42 

8.2 

10.0 

13.6 

.204 

1  75.5 

3.02        2        8.0 

11.0 

10.3 

( 

.242 

174.4 

3.39      .    .      .    . 

1  1.5 

1) 

928. 

.294 

178.3 

3.38        2       8.0 

11.0 

1  1.9 

1. 

R.A.   = 

12"  57'". 

Decl.  = 

1892.241 

175.4 

3.19                 7.8 
2'1620. 

11.0 

1892.376 

_v 

1 
1728. 

8.0 

:<.n 

i 

R.A.   = 

121'  10"'.         Decl.  = 

+9     16'. 

R.A.   = 

i:;i'  4'". 

Decl.    = 

L892.330 

8  1  .  •". 

1.93         2 

lit. It 

12.4 

L 

. 

11.9 

o.l7 

2 

5.8 

6.2 

1  1.2 

I. 

(3  920. 

I21'   10™.         Decl.  = 

.379 

11.5 

ii.  ../■; 

•> 

13.1 

L 

1892.368 

11.7 

0.48 

5.8 

6.2 

R.A.  = 

—22     41'. 

Ac-till 

ated. 

1892.313 

25  1 . 1 

0.77       3        6.5 

7.5 

12.5 

L 

610~ 

.313 

252.6 

12.8 

J 

.351 

248.7 

0.8E       1        .    . 

12.7 

L 

R.A.  = 

13"    17"'. 

Dei 

1.  = 

.357 

246.2 

0.86        1        7.»i 

8.0 

11.7 

1. 

1892.357 

17.6 

8.81 

•_> 

7.0 

11.8 

13.11 

I. 

,398 

251.0 

0.80        2        6.0 

8.0 

12.1 

L 

.879 

18.5 

1.04 

1 

7.0 

12.i' 

12.:' 

1. 

1892.346 

250.5 

0.81                 6.5 

7.8 

.398 

19.4 

3.61 

2 

7.2 

11.5 

13." 

L 

E  estimated. 

1892.378 

18.5 

- 

7.1 

11.8 

:;:'-l. 

160. 

R.A.  = 

12'    12'".          Decl.   = 

R.A.  = 

1892.321 

221.1 

.     .           1         7.2 

12.0 

1, 

37.4 

2.: 3  7 

2 

8 

ln.5 

1  1   5 

I. 

.830 

•.'is.;, 

7  ii 

12.0 

12.8 

1. 

.379 

2.04 

1 

- 

10.3 

1. 

.351 

217.li 
217.1 

2.93        2        7.0 

2.86        ■_'       7.n 

12.0 
12.0 

12.2 
12.0 

1. 
L 

35.0 

2.37 

■j 

8.0 

iu.5 

12.7 

1. 

.",.".7 

1892.378 

34.8 

2.26 

8.0 

10.4 

1892.315 

218.5 

2.95                7.0 

12.0 

• ' pai 

ion  very 

.■lint  and  difficult, 

R.A.  = 

De 

•1.  = 

.£1670. 

1892.178 

197.9 

1 

- 

11.5 

18.5 

I. 

R.A.   = 

Decl.    = 

-ii      17  . 

.:;u2 

199.8 

•> 

i 

11.0 

1  1.3 

1. 

1892.117 

152.6 

5.72        3         .     . 

12.6 

1. 

..-.21 

- 

g 

7.7 

111..". 

1. 

.486 

151.9 
152.2 

5. 62       2        .    . 
5.67 

ll.ii 

I> 

..-.5  7 

2 

-   1 

18.4 

L 

1892.427 

8.0 

11.1' 
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R.  \. 
P 

ig 

988. 

Decl.  = 

wt.       Ma:;. 

— 2i;°  o'. 
Mag. 

k      Obs'r 

1892.409 

.III 
.117 
.420 

304.0 
299.9 
294.7 
297  8 

0.6JS 

ii  60 
0.65 

1  .  . 
3  7.5 
3        ..    . 

2  .    . 

7.7 

14.6         1. 
14.0         1. 
14.2         I . 

1  I.I         I. 

1892.415        299.1 
E  estimated. 


(3  615. 

li.A.  =  14>>  18"'.         Decl.   =  +49     !'. 


1892.821 

.362        235.7 
.420       233.2 


L.97 
2.76 
2,.82 


8.2 


8.5 


9.5 
9.8 
10.0 


L892.368        235.0        2.52 


8.4 


9.8 


2' It 


R.A.   =  14''  4C">. 

1892.242       --'111.7  3.16 

.330       242.1  3.14 

.401        -•■'■7. 2  2.94 


+  19° 


1892.324        240.0 


S942. 


R.  \.    = 

141'  47' 

2.343 

189.8 

i.o  /•; 

.357 

190.7 

1.17 

.398 

197.1 

1 . 1  3 

.409 

L82.3 

0.83 

.414        189.2 


0.99 


Decl.  +0°  2'. 

9.0  9.3 

9.0  9.0 

9.2  9.2 

9.2  9.2 


L892.384        189.8         1.02 
E estimated;  difficult. 


9.1 


B  119. 


L892.343 

.351 
.362 


li.A.  = 

306.8 
308.2 
306.5 


II1'    .V.I"'. 

1.49 
1.43 
1.50 


Decl.  = 
3  8.0 
3  8.0 
2        8.0 


9.2 


-6°  33'. 
8.5 
8.4 
8.5 


1*92.352        3(17.1 


1.47 


8.0 


'2.362 
.  1,58 


21909. 
R.A.   =   15''  I)'".         Decl.   =  +48°  5' 
241.2         4.53        2        5.0         6.3 
241.9        4.56        4        5.0        5.5 


1892.410       241.6        4.54 


5.0 


5.9 


0349. 
R.A.  =  15*  3'".         Decl.-=  +2°  9'. 
L892.395  35.1         3.75        2        8.0       11.8 

.398  37.3        3.86        2        8.0       12.0 


1892.396  36.2        3.80 

Companion  very  difficult. 


.0      11.9 


18.5 
14.9 
13.4 


13.9 


17.0 


14.7 
15.0 
1  1.8 
14.7 


1  1.8 
15.0 
15.4 


14.4 

13.2 


15.2 

15.2 


1892.895 
.409 


i;  \ 
P 

119." 
118.' 


1.60 
1.67 


Decl.  =  • 

Wt.        MllL'. 

8.2 

3  ii 


22     16'. 
Mag. 

10,2 
LO.O 


15.5 

15.1 


1892.402        119.2 


I  64 


.1       lo.l 


0350. 

li.A.   --=  15'  -    .         Decl 
1892.409        160.5         1.13        2        \ 
.111        160.0         1.17       3        : 


1892.412        160.2 


1.15 


7.2 


8.4 


J  352. 
R.A.   =  15"  11'".         Decl.   = 
1892.401  68.4       13.96        2       8.0 

.414  (is. 2       13.94        3        8.2 


1892.407 


1892.357 
.401 


68.3      13.95 


R.A.   = 
29.3 

30.0 


8.1 


9.2 


1892.379  29.6       17.01 

i  >bsen  nl  Cor  1 352 


8.1 


9.5 


1892.395 
.414 


R.A.  = 
328.1 
327.0 


1892.405        327.6 


0.98 


12.417 
.423 


0353. 

R.A.  =  15"  14'".  Decl.  =  +85  57 
295.5  3.62  2  9.4  9.8 
295.7         3.71         2         9.5        10.0 


is.  7 
1  1  3 


1892.4  20        295.6 


3.68 


9.4 


9.9 


21937. 
R.A.  =  15*  I8m.         Decl. 
1892.422        231.7         0.79        2 
.4  77        228.5         0.66        2 


+30°  43'. 


13  0 

14.4 


l.S'JL'.lO.'i 


42.1 


3.08 


7.8       10.4 


—27    9'. 

0 

8.8 

15.5 

1. 

1 

8.6 

15.2 

I. 

9.3 

15  0 

1. 

9.0 

15  1 

1. 

F.  P.  L. 

l.V'   13'".         Decl.   = 

26    86' 

17.18        2        8.4 

:>.:, 

15.2 

I 

16.84        3        7.8 

.   9.5 

15.3 

I 

B  228. 

■  13'".         Decl.  =  —23     50'. 

0.98        2        7.2        8  0 

15.8 

L 

1.04       3       7.:i        8.3 

15.7 

L 

1892.450 

230.1 
R.A.  = 

0.72 

21938. 
15''  20'".         Decl.   =  +37°  46'. 

1892.4  22 

R.A.   = 

0.82        3 

J  33. 
15''  25"'.         Decl.   =  —12°  35'. 

13.4 

C 

1892.401 

41.8 

3.17       2        7.8      10.5 

15.7 

L 

.409 

42.4 

2.98        2        7.8       10.2 

15.8 

L 

Na  278. 
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02:298. 

^ 

A     AM.    C. 

R.A.  = 

15 

Decl.  = 

+40    i:i'. 

P 

s          wt.      Mag. 

Mag. 

/, 

P 

s 

\vt.     Mag. 

Mag. 

h 

Obs'r 

i 

i 

.  In;. 

•J.i  l.'j 

29.15        2        .    . 

1".  1 

I. 

1892.422 

169°9 

0.82       2        .    . 

111  7 

c 

.417 

234.6 

28.95        3        .    . 

17.1 

I. 

■  113 

234.8 

29.05 

10.4 

I!. A.   = 

15h  39™. 

Decl.   = 

—27     11'. 

A     AM.    I). 

A 

AM.    B. 

1892.409 

194.8 

.      . 

1'  .8 

I. 

1892.414 

165.5 

0.65 

A 

2         7.0 

A.M.    C. 

7.6 

1(1.0 

I. 

.117 

195.0 

52.78       3        .    . 

17.1 

1. 

1892.413 

194.9 

52.72 

10.8 

1892.414 

215.4 

50.53 

:;        7.U 

10.0 

16.1 

L 

16h  48m.        Decl.  = 

(3  240. 

li.A.  = 

B.A.  = 

Decl.   = 

+  4°  24'. 

1892.111 

1.57        2        8.4 

I. 

A 

AM.    IS. 

.177 

201.7 

1.55        2 

9.0 

17.1 

L 

1892.354 

135.  1 

2.211 

2        8.5 

9.8 

16.2 

L 

.518 

203.3 

1.60        2        8.5 

8.5 

17..; 

L 

.376 

136.6 

2.22 

2        8.3 

9.6 

1  7.  1 

L 
L 

.379 

133.1 

2.30 

2        8.5 

10.0 

15.7 

1892.480 

203.9 

1.57                 8.4 

8.8 

1892.700 

135.0 

2.27 

8.4 

9.8 

(S44. 

A 

AND  C. 

R.A.  = 

I7h  0'".        Decl.  = 

1892.354 

.379 

39.7 

40.8 

28.4  1 
28.22 

2        .    . 
2 

12.0 

16.5 
15.0 

L 

L 

1892.453 

.177 
.516 

20.2 
18.1 

in.;; 

5.65       •'!        8.0 
2 

.7.11        2        8.8 

9.5 

'.'..7 

11'. 2 

18.2 

( 
I. 

1892.366 

40.2 

28.33 

J415. 

12.0 

1. 

1892.482 

r.'  2 

;..:.  1               8.4 

9.5 

R.A.  = 

l.v    IS   .' 
A 

Decl.    = 
AND    B. 

4-n.-.     57'. 

0242. 

1892.417 

334. G 

12.82 

8.5 

11.0 

17.8 

L 

i:  \    - 

:     i;   .        Decl.  = 

—  IP  I'.:.'. 

.422 

336.1 

12.72 

3        8.0 

10.0 

i  1.8 

C 

\     \M>    B. 

1892.420 

335.4 

12.77 

8.2 

10.5 

1892.  153 
.177 

'17  7 
72. s 

l.oi        :; 

1.01.             11 

- 

16.5 

17.1 

( 
L 

A 

AMI    C 

.516 

72.1 

0.92 

i'  3 

19.0 

L 

1892.417 

358.5 

29.12 

3        .    . 

11.0 

17  :i 

T, 

.422 

358.1 

29.33 

3        .    . 

10.2 

l  1.8 

(' 

1892.482 

70.9 

0.99                 8.2 

•  B     i\n  C. 

8.7 

1892.420 

358.3 

211. 1' 2 

10.6 

1892.477 

62.0 

9.04        .".        .    . 

11.0 

17.''. 

I. 

036. 

J    \  |  r.     ,\i,|i 

R.A.   = 

15     16 

Decl.  = 

-.•I     58 

1892.477 

64.8 

1 7.-:i        :;         .    . 

in. n 

I. 

1892.376 

277.:! 

2.88 

6.0 

7.7 

17.2 

1. 

.395 

278.2 

2.84 

;>.(; 

7.6 

16.1 

I. 

i;  \ 

,  16. 

Decl.  = 

■ 

1892.386 

277.8 

2.86 

5.8 

7.6 

1892.453 

•j"  i.i 

1   7  1         ."•          7.7. 

1(1.7 

< 

,.17. 

.177 

200.9 

.    . 

12.0 

18.0 

1. 

U.A.    = 

i  i     15 

Decl.  - 

24     15'. 

..Ms 

•jo.",.  11 

2.17. 

17.8 

1. 

1892. 109 

.111 

13.3 

1  l.o 

:;.:;o 
2.81 

8.8 

:;        8.4 

9.4 
10.0 

10.2 
16.5 

1. 
1. 

.532 

•J"  1.0 

1.84        3 

11.0 

17.:! 

1. 

.434 

12.9 

3.10 

8.6 

16.1 

1. 

1 -.'2.495 

202.6 

l.l' 1                   7.1' 
2  2272. 

1  1.2 

1892.416 

43.4 

3.09 

8.6 

'.'.7 

i;   \ 

Decl.  = 

0948. 

1.414 

320.5 

2.36        2        .    . 

« 

ft.  \ 

i 
A 

Decl.  = 

IXM     1>. 

1892.876 

151.4 

3         .    . 

17.7 

1. 

.395 

1  19.8 

1.  Ill 

6.8 

9.:. 

16.4 

I. 

l;  \ 

Decl.  =  ■ 

.409 

148.7 

1.51 

:;        7.1 

H.2 

in.:. 

1. 

1892.532 

257.6 

2.11 

10.2 

1 

.117 

1  I7.S 

1.68 

3        .    . 

17.1 

1. 

.548 

1.98"      2 

I'M 

17.1 

1 

1892.399 

I  19.3 

1.54 

7.1 

9.4 

1892.540 

2. '.7.1' 

2."l 

110 
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.524 


i;   \. 


(3245 

Decl.  =  —  :J0°  -i.i 
a  wi.      Mag.        Mag 


3  99 
3  97 


6.2 
6.5 


9.0 


l         253.3       3.98 


6.4         8.9 


1892.518 
524 


0132. 

li.A  =18     r  -        Decl.  =  —19°  52'. 
226.4       0.83        2        7.2         7.3 
0.95        2         7.:;         7.3 


1892.521         227.8       0.89 


7.2 


7.;; 


1892.548 
.568 


s    F.  P.  L. 
R.A.     =   i>h  5"'.        Decl.   =  —15°  42'. 
•27. -J       3.61        2        8.0       11.3 
25.6       3.54        2        8.2       11.2 


1892.558 


1892.518 
.524 
.548 


26.4       3.58 


8.1         11.2 


F.  1'.  L. 
li.A.  =  18*  6m.        Decl.  =  —16    24' 
276.7       3.66        2       8.4       11.0 

276.3        .    .         1         8.0       12.0 
281.0       3.95        2        8.0       12.0 


1892.530        278.0       3.80 


8.1        11.7 


1892.554 
.562 


258.0 
259.2 


(3292. 

1-  i   7™.         Decl.   =  —21°  5'. 

A     AND    B. 

17.18        1         4.0       11.0 
17.06        3         5.0       11.5 


1892.558 
1892.562 
1892.562 


1892.518 

.."ilS 


258.6 
312.8 
1 16.0 


HA.    = 

279.9 
280.4 


17.12  4.5        11.: 

A  and  D. 


is  63 


9.5 


A    AND    E. 

49.96       2        .    .  !). 


(3 1 3 1 


18*  7'". 
2.76 


Decl.    =  —15°  38' 
!        8.0         0..") 
>         8.0  9.5 


.1  128. 
B.A.   =  18     23™.         Decl.   = 
y.  s         ui.      Mag,      Mag. 


18.3         |.     1892.562        201.0 

i:u        I. 


17.s 
I7.:i 


19.8 

17.0 


1892.533        280.2       2.7c 


8.0        9.5 


1892.562 


1892.532 
.548 
.562 


(3  is. 

R.A.    =   IS1'   14m.         Decl.   =  —in     4:: 
0.2        2.17        2        8.2        10.2 

,349. 

R.A.   =   18*   17'".         Decl.   =  —II'     37' 

46.1        8.63        2         8.0        10.8 

45.3       8.30        2        8.4       11.0 

46.7       8.25        3        8.5       10.3 


18.2 


18.5 


1892.548 


46.0 


8.3       10.7 


6.0 


.0 


18.1        I- 
18.9        L 


18.1  .    L 

15. 2  1. 


19.5  L 
.    .  L 

17.6  L 


17.7         I, 
17.6         L 


(3 135. 

K  \.        18*  81™.        Decl.  =  — 11    6 

1892  53fi        187.1        .    .         1        8.0  12.0 

(3136. 

R.A.   =  is1'  :S7"'.         Duel.   =  +5    87' 

1892.532            8.0       t.64        2        9.0  0.2 

.554              7.1        4.72        2         9.0  0.1 


1892.543 


7.7        4. OS 


9.0         0.2 


(3969. 

li.A.   =   18*  44'".         Decl.  =  —8°  3'. 
1892.553         238.4        .    .  1         7.5       12.0 

.562         237.7     14.82        2         7.2       11.5 
.568         238.8     14.76        2         7.8       11.5 


1892.561         238.3      14.79 


7.5       11.6 


1892.517         310.0       0.80 


.0         8.6 


(3361. 
R.A.  =  ID3  45'".         Decl.  =  +22"   22'. 
1892.516        349.2       3.83       2        9.0        0.2 
.518         350.8       4.09        3         9.0        9.0 


1892.517        350.0       3.96 


9.0        9.1 


0266. 


H.A.    =  19''  52" 
1892.568         167.0      15.94 


Decl.  =  +11    5' 
!         8.0       11.0 


0428. 

li.A.   =  20''  1'".        Decl.  =  +12=  36'. 
1892.568         351.4       0.61        2         7.5        8.8 


/,      Obs'r 
10.4        L 


18.8        L 


19.0        I. 
18.2        I. 


18.7  L 
19.6  I. 
18.5         I. 


0467. 

li.A.   =  19*  :ili'".         Decl.  =  — 2T  49'. 

1892.518         134.2       3.13        2        8.0  11.0 

0829. 
li.A.    =   19*  45'".         Decl.    =  +5°  27'. 

1892.516         307.8       0.83        2        8.0  8.8 

.518        310.1        0.76        2        8.0  8.4 


20.0         I, 


20.7         I 
20.2        L 


20.:i         I. 
20.5         L 


18.5         L      1802.562         298.0 
10.1         L 


F.  P.  L. 
li.A.  =  20*  48™.         Decl.   =  —11=  20'. 
2        8.5        9.8 


10.8        L 


20.0        L 


20.3        L 


University  of  Minnesota,  1892  Oct.  5. 
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NEW    ELEMENTS   AND    EPHEMERIS   OF   COMET  e  1892,    babna 

By  W.   w.  CAMPBELL. 


From  Mr.  Barnard's  observations  of  October  13,  19  and 
and  25,  I  have  computed  new  elements  of  tbis  comet,  as 
follows  : 

T  —  Gr.  M.T.  1892  Dec.  2d.5977. 


W    =    1  0.">    4  I  .."i  I 

=  201    19.34    -  1892.0 


',- 


i  =     33  35.93  \ 

log  g  =  0.18528 

Residuals    i  lbs. — Comp. 

cos  !'•    /a'  =   +0.64 

/,'  =       0.00 

The  residual  in  longitude  is  large,  but  another  approxi- 
mation to  a  parabolic  orbit  does  not  reduce  it.  This  fact, 
taken  in  connection  with  the  direct  motion,  and  the  fairly 
small  inclination,  points  stronglj  to  an  elliptic  orbit.  How- 
ever, the  first  observation  depends  upon  a  Lalande  star, 
and  the  character  of  the  orbit  cannot  now  be  decided. 

The  original  elements,  distributed  by  telegraph,  repre- 
sented the  observations  upon  which  they  were  based  very 
well;  though,  as  stated  in  the  telegrams,  they  were  subject 
to  some  uncertainty.     The  new  elements  differ  considerably 

Mi.  Hamilton,  1892  Oct.  27. 


from  the  old  ones,  and  ai  es  liable  to  ci 

changi  iall  change  in  the  obs<  rved  data  will 

a  large  variation  in  some  of  tbi 

I  am  indebted  to    Mr.  S    D.  Townley  for  ass  - 
computing  the  ephemeris. 

Ephemeris  for  Greenwich  Mean  Time. 


1892 

A  pp.  a 

A  pp.  8 

log  r 

log  A 

P,r. 

Nov.     7..") 

20 

-  :;     7.5 

0.1107 

9.5 

20 

10.0 

2  29.0 

11.5 

20 

46.0 

1   51.5 

0.1142 

1.09 

13.5 

20 

52.2 

1    15.0 

1 5 . 5 

20 

58.4 

0  39.4 

0.1904 

0.1  183 

17..". 

21 

4.7 

+  0     5.2 

19.5 

21 

11.0 

—  it  28.3 

0.1883 

0.1240 

21.5 

L>1 

17.:. 

1     0.4 

21 

24.0 

1   31.3 

0.1868 

25.5 

L'l 

30.6 

2     0.9 

27.5 

21 

37.2 

2  29.2 

0.1857 

- 

29.5 

21 

13.8 

2  56.1 

Dec.     1.5 

21 

—3  l'1.  7 

0.1415 

OBSERVATIONS  OF  THE  FIFTH  SATELLITE  OF  JUPITER,  AT  THE  HALSTED 
OBSERVATORY,    PRINCETON,  N.J.,  BY    MR.  T.   REED. 


mmunicated  t>y 
The  new  satellite  has  been  observed  here  with  the  25-inch 
equatorial  by  Mr.  Reed  on  sevi  ral  occasions  :  —  first  on  <  let. 
10,  also  on  the  11th  ami  13th,  and  since  then  on  the  28th 
and  29th.  I  have  delayed  publication  of  the  observations 
in  hopes  that  we  might  be  able  to  obtain  satisfactory  microm- 
aeasures  sufficient  to  determine  the  time  of  an  elonga- 
tion with  accuracy,  but  thus  far  Mr.  Rei  d  has  not  sm 

in  getting  any  i iplete  set.   embracing  both   Bides  of   an 

elongation.     The  micrometer  is  nol  yet  suitably  fitted  up 
for  such  work,  and  the  weather  has  been  unfavorable. 

On  Oct.  10  the  satellite  was  better  seen  than  on  any  other 
evening,  and  the  three  following  measures  were  made  of  its 
distance  from  the  planet's  eastern  linrb,  viz :  36". 56  at  18'  r 
Gr.  M.  I'.  :  36"  12  at  18  i  lm,  and  31".2o  at  18  19  Assum- 
ing 37".88  as  the  elongation-distance  of  the  satellite  from 
fch,e  limb  at  this  date,  in  ai lance  with  Barnard's  meas- 
ures of  Sept.  10  14,  (given  in  this  Journal  No.  275)  cor- 
rected for  change  of  the  planet's  distance,  the  time  of  elon- 
gation comes  out  17'  ."■  7 ' ' .  < ;  r.  M.T. 

On  Sept.  ll.  13  and  28  no  measures  could  be  made.    I 
29th  a  single  not  very  satisfactory  measure  gave  the  distance 

Princeton,  A'../..  1892  Nov.  5. 


Professor  Yo 

-  at  16    55'  Gr.  M   I  responding  to  an  elongation- 

time  of  16h21m.     Of  course  these  times  of  elongation  can- 
not be  i  egardi  d  as  well  determined,  and  the  error  m:  \ 
be  fully  five  minutes:  each  is  more  than  ten  minutes  later 
than  the  time  estimated  by  Mr.  Reed  before  com] 
from  the  measures  :  taking  them  as  they  stand,  bowel 
combining  them  with  the  observations  of    Barnard 
quoted,  they  give  1  i    :,7    23    foi    th<    sidereal  period  of  the 
satellite,  with  an  error  probably  less  than  li'  sei 

rhe  satellite  would  have  been  found  some  time  earlier,  if 
we  had  not  been  misled  by  the  erroneous  period 
given  in  Mr.  Barnard's  first  communication.     On  i> 
detected  up  near  the  easU  rw  elongation,  «  hen  i 
ing    to,  the  published  period   it   should   have  been  at  the 
western. 

Mr.   Reed  reports  it   as   not  a  very  difficult  object,  and 
thinks  it   might  be  seen  with   instruments 
s  nailer  aperture  than  23  inches.     On  Oct.  13th  it  was  shown 
to  a  number  of  \  isitors,  «  bo  all  saw  it  readily. 

I  have  been  prevented  by  rheumatism  from  t:.:. 
any  personal  part  in  the  observations. 

(        \      V 
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FILAR  MICROMETER   OBSERVATION    OF  COMET  e  1892   babnabd.ou.12), 

Mini     Willi    l  III     12-INCU  EQUATORIAI     I  'l     THE  LICK  OBSERVATORY, 

By   E.   E.   BARNARD. 


1892  Mi    Hamilton  M.T. 


No. 

Comp. 


do.  >S 


'*s  apparent 


LogM 

fori       I     forr! 


Oct.  25     7  50  31      |     8     |    4  ,  3    |   —0  13.23  |    —  2  ".2     |    20   i   51.04    j      ■!  s  ;,  :,.:,      |    9.398       0.647 
Jo.  w  a-  measured  directly-. 


Mean   Plact  for  1892.0  <>(  Comparison-Star. 

8  Red.  i"  , 

f,i>,,   ,,i:,r,.  Autlionty 


Red.  to 
app.  place 


20  2  2.72       |     +1.55    |        +  8  6  59.8      |      +6.8     |       11. 15.  VI,  4338. 


m;\v    ASTEROID. 


Dr.  Kki.i  r/  has  sent  the  following  communication  from  Mr:  Berberk  n.  at  Berlin,  October  22. 
ls:r_>  A'.     New  planet,  Wolf. 

Oct.  20,  Hi1'  25ra.0  Heidelberg  M.T.      a  =  34°  .'!!•'.      8  =  +18°  8'.      Daily  motion,  —  \2'  in  a.  and  V  southward. 


COMET  /  1892. 

The  telegrapb  announces  the  discovery  of  a  bright  comet  by  Holmes  Nov.  6.531  Greeuw.  M.T.,  in  right-ascension 
o1'  16™  18',  ami  declination  +38   32'. 

Au  observation  by  Prof.  Barnard,  telegraphed  from  the  Lick  Observatory,  gives 

1892  Nov.  8.6877  Gr.  M.T.         a  =  0"  16"'  16*.3,         8  =  +38°  23'  5". 

Father  Searle,  who  obtained  observations  Nov.  10  and  11,  writes  that  it  is  visible  to  the  naked  eye.  circular, 
about  7'  in  diameter,  very  diffuse,  and  without  any  tail.  It  is  nearly  as  bright  as  the  great  uebula  in  Andromeda,  close 
by,  and  has  very  sharply  defined  margins,  especially  opposite  to  the  jets,  which  are  plainly  issuing  from  one  side. 


CORRECTIONS   TO   THE    URANOMETRIA   ARGENTINA. 


Mr.  T.  W.  Backhouse,  of  Sunderland,  sends  a  list  of  cor- 
rigenda  in  the  Uranometria  Argentina,  additional  to  those 
pic\  iously  made  public.      Amoug  these  are  the  following  : 


Page 

NO. 

Column 

for 

put 

25 

226 

\V.  Bessel 

819     9 

819     7 

30 

456 

Declination 

16° 

6° 

33 

599 

Durcbmusterung 

4220 

4426 

36 

718 

W.  Bessel 

928     : 

926.7     84 

145 

21 

Catalogo 

B.5027 

B.5026 

150 

61 

Magnitud 

6.9 

5.9 

154 

271 

Catalogo 

B. 4682,4683 

B.  4642,4643 

172 

106 

■■ 

LI.  18783 

L1.14783 

264  no.  57.     Erase  the  allusion  to  Bebrmann's  Catalogue. 
333  line  8  from  below,   for    LI.  14830   put    LI.  14834. 

The  following  corrections  were  communicated  in  the  year. 
1887,  by  Prof.  II.  M.  Paul. 

Page     74.     The  first  clause  in  the  south  boundary  of  Hydra  should 

read  ■■ 

■    1  1      0' as  far  a-  8*  22'";   this  meridian  southward  to  16°  0';" 

Page  87.  Line  7  from  e-ml  of  Eridanusfor  Bput  S,  in  both  columns. 

Page  149.  '   Pictoris    for     B.1585     put     L.1585. 

Page  221.  Aquila,  no.  78    for    v    put    o. 

Page  222.  -.  Ononis    for    L.9057    put    L1.9057. 


COXTEX T S . 

Measures  of  Double  Stars,  by  Prof.  F.  P.  Leavenworth. 

New  Elements  and  Ephemeris  of  Comet  e,  1892  (Barnard,  Oct.  12),  by  Prof.  W.  YV.  Campbell. 

Observations  of  the  Fifth  Satellite  of  Jupiter,    w    i  in    Halsted  Observatort,  Princeton.  N.J. 

Filar-Micrometer  Observations  of  Comet  e  1892  (Barnard,  Oct.  12),  by  Prof.  E.  E.  Barnard. 

New  Asteroid. 

Comet  /  1892. 

Corrections  to  the  Uranometria  Argentina. 
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OBSERVATIONS   OF   STARS    RECENTLY    A  N  N<  H   \<  I  I )   TO    BE    VARIABLE, 


By  PAUL  s 

The  observations  here  given  are  a  part  of  a  line  of  work, 
in  the  examination  of  a  number  of  stars  whose  variability 
has  been  announced  in  recent  volumes  of  the  Astronomische 
Nachrichten,  which  was  undertaken  late  in  the  year  1891, 
and  a  part  of  which,  resulting  in  the  confirmation  of  the 
variability  of  the  star  It  Triavgnli,  has  already  been  pub- 
lished in  the  current  volume  of  this  Journal. 

The  instrument  used  has  been  in  all  eases  my  4  1-inch 
Clacey  refractor,  with  an  Airy  eyepiece  giving  a  power  of 
30,  and  a  held  of  rather  nunc  than  two  degrees,  with  very 
sharp  and  brilliant  definition,  showing,  on  favorable  nights, 
stars  down  to  the  limit  of  the  theoretical  capacity  id'  tin1  ob- 
jective;  as  an  instrument  I'm  observing  variable  stars,i  con- 
sider it  to  lie  perfect  as  far  as  ils  capacity  extends. 

The  Argelandek  method  has  been  followed  in  this  work  : 
the  magnitudes,  except  where  expressly  slated  to  Ik-  eye- 
estimat.es.  being  deduced  by  careful  comparison  with  the 
magnitudes  assigned  to  the  comparison-stars  from  the  li^ht- 

scales  formed  from  all  the  observations  in  each  ease. 


I. 

a  —  1"  49™  59".7;     A  =   d-TW     7'.0  (1855). 

The  variability  of  this  star,  which  is  DM.54  431,  was 
announced  by  Mrs.  Fleming  in  the  Astronomische  Nachrich- 
ten, Vol.  CXXVI,  p.  165,   where  she   gives  measures  from 

Seven  photographic  plates  giving  9*.0  to   1  1  M.  I . 

I  began  to  watch  the  star,  1891  Nov.  80,  when  its  bright- 
ness was  estimated  at  in".."':  from  this  date  until  t  he  present . 
1   have  had  it   under   observation,  with    the   exception    of    the 

interval  between  1892  March  L6  and  V.ug.  15,  "hen  its  po- 
sition near  the  northern  horizon  rendered  observation  practi- 
cally impossible  from  the  reflection  of  the  cit\  lights.     Upon 

I  icing  looked  for  on  the  latter  date,  its  Vi ion  V    -   I 

apparent,  tin1  star  being  comparatively  bright,  ami  quite 
conspicuous  in  the  field  of  the  telescope;  it- light  was  esti- 
mated at  8". 6  :  on  Aug.  21s1  a  further  rise  of  four-tenths 
of  a  magnitude  showed  itself;  from  this  date  tin'  star  has 
fallen  off  steadily  and  rather  rapidly,  and  its  [igbl   when  last 


1891  Nov.  30, 

lo.:. 

Dec. 

lo. S 

28, 

10.5 

1892  .Ian.    If,, 

HOI    seell  : 

limit  <1 1".0 

•Feb.     1. 

11.0 

Mar.  16, 

hot    seell   ] 

limit  1  l*.0± 

Aug.  15, 

8.6 

29, 

8.3 

Sept.     "J. 

s.  1 

6, 

8.4 

10. 

8.5 

♦  Eye-estimates. 

I.... 

- 

17. 

9.7 

:'". 

■:■>. 

-  : 

8.8 

•   - 

-. 

-  - 

1". 

2 

12, 

1  !. 

19, 

y/ENDELL. 

observed,  Oct.  19,  was  9*. 7.     The  date  of  maximum  it 
set  at   1892  Aug.  21. 
The  obsei  ved  magnitudi  i    lows  : 

1892  S 


The  star's  lighl  is  not  sensibly  red  to  nay  eye. 

II. 
a  =    T   ,V_'".I  :     A  =   +56°   2"  (18 

This  star  is  not  in  the  Durchmusterung .  Mrs.  Fleming 
(Astron.  Nachr.  Vol.  CXXVI,  p.  165)  calls  it  variable,  ami 
gives  seven  measures  from  photographic  plates,  from  less 
than  15". 2  to  9».2. 

From    1891    Nov. 30    to    the   present    lime.    I    have    ten    re- 
corded observations,  besides  looking  for  the  star  on  sundry 
occasions  when   no  record  was  made,  and  have  uevet 
anything  brighter  than  1  1   magnitude  in  its  place. 

The  notes  of  my  obsen  at  ions  arc  a-  follow  s  : 

1891  Nov.  SO.     Not  seen ;  KNOTTs'comp.s 
novum,  rated  by   him   11".2*,  well  seen,  though  at  lower 
altitude. 
1891   Dec.     ■'>.      Not  seen  :   limit  <  1  l».0. 

Dec.  28.     11  ".5  star  in  place:   Knott's  comp  - 
U  Qeminorum,f,  1 1".'.'.  ;/,  12". 8,  and  A.    - 


1892  dan.    16. 

Not 

limit  1 l".0± 

Mar.  16. 

•• 



Aug.  17. 

•• 



-      el.    17. 

••  <i  l».0 

Sept.  I'll. 

•• 

i 

Oct.     III. 

.. 

1 1  t.  111. 

■■ 



1 1  i  S  i   \  1  >  1  l 

'a  (on 

Knoti  S  CSttl 

11 1 
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raken  in  connection  with   the   mi  en,  loc.  cit., 

these  observations  seem  to  confirm  the  Btar's  variability. 

111. 
u  =  3"  29m  23";     8  =  +62°  10'.  I  (is;,;,). 

This  star  is  DM.62  596  =  Espin-Birmingham  75 ;  verj 
red.  Astron.  Nachr.  no.  8025,  Mrs.  Fleming  gives  a  long 
list  of  photo-plate  magnitudes  (reduced  to  visual  by  a  cor- 
rection of  — •",''.(',)  ranging  from  7". 3  to  8". 8.  Crceger's 
G.A.G.  estimates  were  6". 8,  7M.5,  7". 6  —  fiery  red. 

I  have  eighl  observations,  covering  a  period  of  ten  months  ; 
they  M'l'in  to  me  to  give  no  evidence  of  variation,  being,  in 
view  of  the  star's  strong  color,  very  accordant,  with  the  ex- 
ception of  those  of  1892  Mar.  29  and  April  19,  Loth  of  which 
depend  on  single-star  comparisons,  and  are  the  only  ones  in 
the  series  in  which  this  is  the  ease. 

The  observed  magnitudes  are  as  follows : 

very  red 


1891  Dec.  ■"•. 

8.7 

5, 

8.8 

28. 

8.5 

1892  .Ian.   16, 

8.6 

Mar.     ;">, 

8.5 

29, 

7.9 

Apr.  19, 

7.9 

Oct.   19, 

8.8 

IV. 

a  =  .V  i'.V"  22»;     8  =   +68°  42'. 5  (1855.) 
The  star  is  DM.  68°398  =  Espin-Birmingham  14  6. 
Espin   {Astron.  Nachr:  Vol.  CXXVI,  p.  359),  says  prob- 
ably variable.      Schonfei.d   (Vol.  CXXVII,    p.  89),   gives 
DM.  observations  as  follows  : 

Z.  176-1  ;  Sen.  1858  Nov.  12,  9 
1831  ;  Sen.  1859  Mar.  9,  9: 
I  found  the  star9*U  on  1891  Dec.  1 
until  1892  Fell,  is,  when  my  note  reads  "  12M.0±,  very  diffi- 
cult to  hold"  (with  11  inches)  ;  it  seems  to  have  passed  its 
minimum  about  this  time,  as  the  next  observation,  Mar.  .",, 
shows  a  rise  to  9M.9,  and  further  observations  up  to  Oct.  19 
indicate  a  maximum  of  about  8M.5,  1892  Aug.  21.  The  in- 
dividual observations  are  as  follows: 


'.10; 

'.0 

;  it  declined  rapidly 


1891    Dec. 

1, 

9.1 

1892 

May    17, 

9.3 

5, 

9.3 

23. 

9.11 

28, 

9.8 

27. 

9.1 

1892  Jan. 

31, 

10.6 

June   15, 

8.7 

Feb. 

18, 

12.0  ±* 

20, 

8.8 

Mar. 

5, 

9.9 

Aug.  17, 

8.6 

15, 

9.7 

21. 

s  5 

25, 

9.3 

Sept.  15, 

8.6 

29, 

9.2 

29, 

8.6 

Apri 

6, 

9.1 

Oct.    10, 

9.1 

19, 

9.2 

13, 

9.] 

23, 

9.3 

H, 

8.7 

30, 

9.3 

18, 

9.0 

May 

7, 

9.2 

*  Eye-e? 

timate. 

19, 

9.1 

The  star  shows 

no 

marked  ( 

olor,  to  my  eye. 

,t  =  .V  32"    37  :     fl  =  +31°  57' (is;,;,,. 

Espim    [Astron.   Nachr.  Vol.  CXXVI,  p.  827)    says   this 
variable,  finding  it  8". 5,  though  not   iii  the  Durch- 

n,  n:.l<  riniij. 

ScndNPELD  SllOWS    that   il   was  missed  on    four   dales  iu  the 
DM.  zones,    although     it     apparently    ought    to     have    been 

seen. 

I  have  eighl   observations,  which  appear  to  confirm  the 
star's  variability,  as  follow s  : 

1891  Dec.     1,     No  star  seen  in  place ;  limit  <  l  1".0 

"  "         '»         ll».0 

26,  ••  "  ••  ••  I2".0 

1892  Mar.  29,  9M.2 
Apr.   16,  9". 7 

19,  9».8 

Oct.    is,  Not  seen  ;  limit  10*.0±     hazy 

19.  Not  seen  ;   limit  <  1  1  ".0      clear 


VI. 

a  =    16"  39"'  49'.  1  ;     8  =   +55°   1 1  '.8  (1855). 

DM.  551870.  Espim  (Wolsingham  C'ir.  No.  32,  Astron. 
Nachr.  Vol.  CXXIX,  p.311)  says  it  was  found.  1892  April 
26.  29  ;   7".a,  7".7.      Its  DM.  magnitude  is  9".2. 

My  observations  give 


1892  Aug.  18,  8.3 
16,  8.2 
23,     8.1 


1892  Sept.     9.     8.7 

1,.     8.8 

Oct.    12,     8.5 


The  star  is  not  noticeably  red  to  my  eye.  The  evidence 
seems  to  favor  its  variability. 

VII. 
a  =  21"  35"'  45'.8;     S  =   +53°  4b'  (1855). 

This  star  is  DM.  53  "2684.  Espin  (Astron.  Nachr  Vol. 
CXXVI.  p.  Ill  )  says  it  is  probably  variable.  In  the  spring 
of  1890  it  was  7H.5-8".0.  on  1890  Nov.  15,  it  was  9".0. 

Its  DM.  magnitude  is  8M.6. 

I  have  fourteen  observations  of  the  star,  which  taken  in 
connection  with  the  above,  seem  to  favor  its  variability. 
Mv  observed  magnitudes  are  as  follows  : 


892  July    20, 

8.2 

1892 

Aug.  29, 

s.O 

23, 

7.8 

Sept.    9, 

8.5 

30, 

7.9 

■Jo. 

8.5 

Aug.     3, 

7.9 

2  7. 

8.5 

7. 

7.9 

Oct.    11, 

8.5 

13, 

7.9 

19, 

8.8 

21, 

8.0 

Dorchester,  1892  October  20. 
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OBSERVATIONS   OF  THE   OCCULTATIONS   OF    MARS,   OF   JULY    11   AM»    SEP- 
TEMBER   :;.   L892, 

U  IDE    VI    T BSERA   v  TORI     "1      Mil:    STA1  E 

Bl    MILTOH 

These  observations  were  made  with  the  7£-inch  equatorial 

telescope  of  this  Observatory,  qsing  a  power  of   150.     The 

times  were  noted  by  eye  and  ear  on  sidereal  chronometer. 

Bond,  no.  383. 


BNivBRsm  01   Missouri,   a  Columbia,  ho., 
DPDEGRAFF. 


I 

ir 
in 

IV 


Obs'd  Times 

1  7  h  i  8 


18  5   13 
18  6  13.5 


1892  July  11. 

Remarks      Chron.  J  7' 

poor 

lost  +0.5 

about28late  +0.8 

good  +0.8 


i  )ii>'rl  sid.  time 
of  contact 


17  5    18.5 


18  5   13.8 
18  6    14.3 


Observation  of  first  contact  made  through  a  tree-top  al 
low  altitude.     Seeing  very  poor. 

Observation  of  second  contact  losl  :  the  moon  and  planet 
being  obscured  by  the  leaves  of  the  tree. 


Seeing  excellent  at  third  and  fourth  eon  -     iw-cap 

on  south  pole  of  Mars  very  well  defined. 


1892  Si 
Cont.  Obs'd  Times  Remarks  Chron.  J  T 


I  22  50  37     good  ;  possibly  2"  late  +11.5 

II  22  .".l   30.8  excellent  -Ml. 5 

III  23  59   25«  +  ll'.8 

IV  0     0     0      through  clouds  +11.8 
•Through  clouds:  probably  10- late. 


- 
of  coutact 

12.3 

- 
- 


Seeing  excellent  al  firsl  and  se id  i 

Observations  of  third  and  fourth  contacts 
low  altitude,  through  clonds,  and  with  bad  seeing. 


PRELIMINARY     NOTH    ON     TERRESTRIAL     ATMOSPHERIC 
THE   PHOTOGRAPHIC    RAYS   OF   LIGHT, 

By  .1.  M.  SCHAEBERLE. 


ABSORPTION     OF 


As  the  tabular  data  given  below  may  be  of  immediate  use 
to  some  astronomers,  I  Lave  thought  it  well  to  publish  them 
at  once.  They  are  deduced  from  an  extended  investigation 
which  I  took  up  in  1889  at  the  suggestion  of  Professor 
Bolden.  The  observations  (exposures),  measures,  and  the 
method  of  reduction  form  the  subject  matter  of  a  memoir 
now  being  published  by  the  University  of  California. 

The  final*  results  are  based  upon  four  different  -cries  of 
obsei  v  ations,  as  foil  >w  -  : 

I  st  sei  ies,  At  Mt.  Hamilton  in  September,  1 5 

2d  series,  At  Cayenne,  S.A..  iii  December,  ! 

3d  series,  At  Mt.  Hamilton,  July  and  August,  1890. 

Ith  s.'iies.  At  Mi.  Hamilton,  in  November,  ls:u. 

The  exposures  foi   the  3d  scries  were    kindly  made  for   me 

by  Prof.  Campbell,  who,   at   the  tunc,   was   spending  his 
vacation  at  the  Lick  Observatory  ;  the  other  three  set 
expi  isures  were  made  by  myself. 

All  the  observations,  with  the  exception  of  those  belong- 
ing to  the  itb  series  (which  were  made  with  our  i  • 
telescope),  were  made  with  a  6-inch  equatorially  mounted 
Dallmeyer  lens  belonging  to  the  H.  S.  Naval  Observatory, 
and  loaned  to  the  Lick  Observatory  primarily  for  the  pur- 
pose of  taking  it  to  our  eclipse  station  at  Cayenne. 

Before  the  reduction  of  the  observations  on  atmospheric 
absorption  of  the  photographic  rays  of  light  could  be  under- 
taken, it  was  evidently  necessary  to  determine  the  relation 

which  exists,  for  the  given  telescope,  between  the  diameters 


of  the  stellar  images  for  known  exposure    times,   and   the 
brightness  of  the  corresponding  .stars.     Nome  n 
investigation  on  this  subject  will  be  found  in  the  Publications 
of  the  J  s  /        ic,  Vol.  I,  no.  A 

also  Astronomical  Journal,  do.  269. 

It  is  not  necessary  for  me  to  make  any  extended  remarks 
as  to  how   the  observations  were   made  and   reduced.  as   the 
memoir  on  this  subject  will  soon  be  in   the  hands 
niers. 

I        final  empirical  expression  which  represents  the  law 
of   photographic   absorption    is   one   of   a    -         -  icb  of 

which   neatly  the  whole  D  'dial  was    v. 

by  the  method  of  least-squares)   which  I  its  all 

the  observations. 

I  found  that 

the  photographic  brightness  of  a  star  in  the 

zenith. 
/>'  denotes  the  photographic  brightness  of  a  star  at  the 
zenith  distance  - 
and./',  a  con-taut  for  a  given  state  of  the  atmosphere,  then 


B  =  *[l-/-ta, 


as   an 


In  th;-  c  regarded 

number  whose  squ  sea  the  nun 

which  the  trigonometrical  tai  s  a  nor- 
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mal  condition  of  the  atmosphere,  and  for  Sirian  type  Btars 
i  In    i  al »f  the  factor/  is  0.60. 

The  tallies  given  below  are  computed  for  these  conditions, 
using  the  ^ : 1 1 1 1 < •  light-ratio  for  the  photographic  magnitudes 
thai  is  employed  in  visual  determinations. 

Tlir  argument  for  entering  the  table  is  the  observed  zenith 

distance,  the  correal ding  function  is  the  amount  of  the 

(photographic)  atmospheric  absorption  expressed  in  photo- 
graphic magn  i 

These  valuea  are  to  be  added  to  the  (unknown)  absorp- 
tion in  the  zenith  to  obtain  the  absolute  absorptions. 

In  presenting  the  following  results  to  astronomers  for  prac- 
tical use.  I  feel  quite  confident  thai  they  will  be  found  ii>  be 

sufficiently  accurate  for  all  exposures  madi Seed  plates, 

seusitometer  No.  26,  which  have  beeafully  developed. 

.1//.  Hamilton,  1892  October  20. 


TeuiiKSTiiiA]  Atmosphbuk  Absorption oi  mi  Photogbaphk 

i;  m~. 


Z.D 

Ihsorplion 
Photogr. 

ill,-.! 
Z.D. 

Absorption 
Photogr. 

Obs'd 

z.n. 

Absorption 
I  Photogr.) 

0° 

.... 

80 

H 

1.9 

.. 

0.00 

60 

0.71 

81 

2.1 

Id 

ii.ni 

6a 

0.89 

82 

2.2 

15 

ii. ill 

70 

1.12 

88 

2.8 

20 

0.07 

7."> 

1.45 

84 

2.5 

25 

0.1  1 

80 

1.94 

85 

•J.  7 

30 

0. n; 

85 

2.68 

86 

2.9 

: ;  5 

0.21 

90 

5.00 

87 

in 

0.28 

ss 

3.7 

45 

0.85 

89 

1.2 

50 

0.44 

90 

o.O 

oliSKWVATIONS  OF   THE   SOLAK    ECLIPSE    OF    1892  OCTOBEK  20. 


AT  THE   COLUMBIA    COLLEGE  OBSERVATORY,  AT   N.Y.,  WITH    THE   RUTHERFURD    18-INCH    EQUA- 
TORIAL,   BY    ME    HAROLD   JACOBY. 

At  the  request  of  Prof.  J.  K.  Rees,  Director  of  the  Ob- 
servatory, I  nnted  the  limes  of  first  and  last  contact,    as 

follows  : 

Columbia  College  M.T. 


First  contact ,  0  10     2 

Last  contact,  3  m  59 

The  seeing  was  very  good,  and  the  observations  satis- 
factory. They  were  made  with  a  chronograph.  The  clock 
error  was  determined  by  chronographic  comparisons  with  the 

New  York,  1892  November  1. 


time  signals  of  the  Western  Union  Telegraph  Company. 
These  latter  depend  upon  the  noon-signals  from  Washing- 
ton. Through  the  courtesy  of  Prof.  Eastman  of  the  Naval 
Observatory,  and  Mr.  Hamblet  of  the  telegraph  company, 
I  was  able  in  assure  myself  of  the  accuracy  of  the  signals  on 
the  20th.  They  were  further  confirmed  by  transit-observa- 
tions made  on  the  22d  by  Mr.  Monelt,,  assistanl  in  the 
observatory.  In  the  reductions  the  longitude  of  Columbia 
College  was  taken  to  lie   l1'  ■')■>'"  54". 'J  west  of  Greenwich. 


AT  THE    LEANDER  McCORMICK  OBSERVATORY,    BY    PROF.  ORMOND   STONE. 


Beginning 

End 


V"  .".I" 
.'    50 


31".6 
55  .6 


Local  Mean  Time 


The  above  observations  were  made  with  the  26-inch  equa- 


torial, reduced  to  an  aperture  of  6  inches.  Magnifying 
power  employed  275.  Definition  at  the  beginning,  poor:  at 
the  end,  good. 


AT   PRINCETON,  N.J., 
The  eclipse  was  observed  both  at  the  Halsted  Observatory, 
and  at  the  Observatory  of  the  School  of  Science,  which  is 
connected  w  ith  my  house. 

At  the  former  station  the  observations  were  made  by  my 
assistant,  Mr.  Taylor  Reed,  aided  by  Mr.  II.  S.  Davis. 
Mr.  Reed  observed  spectroscopically,  by  noting  the  disap- 
pear.' nee  and  reappearance  of  the  chromosphere  as  seen  in 
the  G  line  with  an  opened  slit:  he  used  the  23-inch  equa- 
torial, with  grating  spectroscope,  and  magnifying  power  of 
350.  Mr.  Davis  observed  with  the  5-inch  Under,  using  an 
ordinary  diagonal  solar  eyepiece  and  a  power  of  about  120. 
The  limes  were  taken  from  a  sidereal  chronometer,  which 
was  carefully  compared  with  the  standard  sidereal  clock  at 


BY  PROF.  C.  A.  YOUNG. 

the  S.S.  Observatory,  both  before  and  after  the  observa- 
tions ;  at  the  first  contact  it  was  1'"  -_'7  .7  fast  of  the  standard, 
and  at  the  last,  1"'  28a.O.  This  indirect  method  of  furnish- 
ing the  time  at  the  Halsted  Observatory  was  made  necessary 
in  consequence  of  the  interruption  of  our  usual  electrical 
connections  by  building  operations  on  the  campus. 

At  the  S.S.  Observatory,  I  observed,  myself,  with  the 
'J).-inch  telescope,  using  a  polarizing  helioscope,  and  power 
of  225  ;  while  my  son,  C.  I.  Young,  observed  the  first  eon- 
tact  with  the  3-inch  Under,  and  a  diagonal  solar  eye-piece, 
with  power  of  about  60.  We  took  the  time  directly  from 
the  face  of  a  subsidiary  clock  which  is  electrically  controlled 
by  the  standard  clock,  the  beats  of   the  sounder  being  those 
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of  the  standard  itself.  At  the  time  of  the  eclipse  the  stand- 
ard was  slow  7.6  seconds,  with  a  gaining  rale  of  aln>ut  0*.08 
daily. 

The  times  of  first  contact  were  as  follows:  — 


Obs. 

Chrou.  or  Clock 

Remarks 

|    o 

Gr.  M.T. 

T.  R. 
II.  S.  D. 
0.  A.  Y. 
C.  I.  Y. 

I  :  6  55.5  ±  0.7 
14  6  53.0  ±  0.5 

II  5   17.0  ±   1 
1  1   5  20.0 

H"l    g 1 

fair 

air  unsiea  1\ 
air  unsteady 

Il      III             s 

.">  .-J    1  '}  .  1 
5  a    1:2.6 
5  5  3  I  3 
5  5  37.3 

I  am  unable  to  explain  the  discrepancy  between  the  obser- 
vations al  the  two  observatories  ;  according  to  computation, 
the  Brst  contacf  a<  the  Ealsted  Observatory  should  have 
been  2.6  seconds  earlier  than  at  the  S.S.,  being  1  .98  west, 
and  -"  south  of  it.  The  observers  al  both  places  are  confi- 
dent thai  I  here  was  no  error  of  10  seconds  in  reading  off  the 
face  of  the  time-piece.  There  was.  however,  al  the  S.  S.  a 
sudden  atmospheric  tremor  just  at  the  time  of  contact,  last- 
ing from  5m  15s  to  5'"  22":  but  at  its  close  the  definition, 
which   before  had  been  fine,  became  so  again  at  once,  and 

Princeton,  N.J.,  1892  October  28. 


the  moon's  limb  tin  to  me  well   advanced   npi 

sun. 
The  observation  at. 


Time-p 

Gr.  M.T. 

i .  i;. 

II     s.   I). 

C.  A.  Y. 

17  8  28.5 
17  7     1.5 

fair 

- 
satisfai 

- 

During  the  mrteen  photo 

of  the  moon's  limb  and  the  cusps  were  made;   but   n 
them  show  thi  -  of  absorption  by  a  lunar  at- 

mosphere. 

For  a  time  aboul   the  middle  of  the  eclipse  the  defii 
was  simply  exquisite  al     he  S.S.  O  atory,  and  it  was 
very  inl                    i  watch   with  n   power  of   ")00  the  granu- 
lations of  the  solar  surface    as  the  m i's  liml 

them.  They  passed  out  of  sight  behind  the  lunar  moun- 
tains without  the  least  haziness  or  distortion  of  outline.  The 
limb  of  the  moon  could  at  no  time  be  traced  beyond  that  of 
the  sun. 


AT   THE  GEORGETOWN    COLLEGE   OBSERVATORY,    BY  .1.  G.   HAGEN,   S.J. 


1.  The  eclipse  was  observed  here  with  three  instruments : 
A  5-inch  equatorial,  power  98  for  both  contacts:  observer, 

.1.    II  A<  .  1  N. 

A  34-inch  equatorial,  power  72  for  [,  and  30  Cur  II.  con- 
tact ;  observer,  .T.  Algue. 

A  photographic  camera,  focus  81-inch,  diaphragm  , ",  - i 1 1  < ■  1 1  : 
observer,  II.  Gower. 

The  first  observer  recorded   the   time    by  means  of   the 

chronograph,   the    second    by    a    pnrkri-rlir urt,  r    whose 

second-hand  could  be  stopped  at  any  moment,  with  a  direct 
reading  of  fifths  of  seconds  ;  the  third  obsen  er,  a  student  of 
the  College,  used  a  watch. 

The  standard  cluck  had  been  compared  with  the  clo 
the  U.S.  Naval  Observatory  on    the    chronograph,    five  or 
-i\  minutes  before  first   contact.     The  error  of  the  latter 
clock  was  — O'.lo,  as  subsequently  communicated  through 
ihe  kindness  of  1  he  Superintend*  at. 

The   rate  of  our  own  clock  was  0".0'2  during  the  three 
hum-,  of  the  eclipse. 

2.  The  times  of  observed  and  computed  contacts  are  as 
follows: 


5-inch  ei 

34-inch  equat'l 

1    1    "lliarl 

1 1  (  unlact 
Duration 

Ii     in        a 

."1  ."1  :  ;  1  .  , 
8  :.    15.0 
3  0  13.3 

h      111       • 

36.5 
8  5    15.6 
3  0     9.1 

8  .". 
:;  u 

Greenwich  Mean  Time. 


The  observing  sheets  contain  the  following  explaual 
ll\ui\:     I  Contact   recorded  when  I  was  sure  1 
moon's  limb;  the  first  impression  was  received  at   leas 

Seo  md  earlier. 

II  Contact    recorded    at    the  moment    1    was    no   longer 

sure  of  seeing  the  on's  limb. 

Algue  :     I    1  ....         i  ecorded  when  I  was  qu 

!    the   moon;    the  first    impression    was   perhaps 
ids  earlier. 

3.     The  magnitude  of  the  eclipse  at  this  station  n 
termined  from  two  of   the  ten  photographs  that  had  been 
taken. 


Time 

• 

Diameter  of  sun            13 

'     Mill 

ilude                               i811 

The  numbers  for  diameter  and  segment  are  1  . 
lvyulut ions   of    the    mi.  w    of    the 

Each  number  is  the  mean  of 
errors  ha\  e  been  applied. 

All  the  computations  and   n  1 
\  S.J. 
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ELLIPTIC   ORBIT    FOB   COMET  e  1892    babnabd)* 

Prof.  Kruegef  writes  thai  from  observations  of  Oct.  16,  20  and  25,  be  bas  obtained  elliptic  elements,  which  were 

■  n ii i  in.  -I  ; ' .  :i  \  ienna  observation  of  Oct.  27.     They  give  a  period  of  10.4  years. 

Epoch  =   1892  Oct.  20.5  Berliu  M.T. 


M  =  355  27.9 

O)    =  167      H.9    ) 

Q,  =  204   38.9     Eq.  1892.0 
i  =     32    11.9  \ 
<p  =     13  38.6 

/a  =  341".681 
Printed  tn  a  Supplement  issued  with  no.  278 


l.i-iii  mi  ris  i  ob  Berlin  Midnigh i  . 
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Nov, 
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20 

80 

.",  5 

+4 

23.1 

9 

42 

28 

3 

6.9 

IS 

20 

54 

24 

1 

54.5 

17 

2] 

6 

89 

4  (i 

16.4 

21 

19 

in 

—  0 

16.9 

25 

21 

31 

56 

—  1 

15.3 
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NOVA    AURIGAE    CORRECTED    FOR    ATMOSPHERIC 
ABSOBPTION, 

By    .1  .     M  .     sell  A  E  B  B  1!  LE  . 


A  i  the  time  of  writing  my  paper  on  Theoretical  Magni- 
tudes of  Nova  Aurigae,  I  was  engaged  in  revising  my  work 
on  Atmospheric  Absolution  ofthe  Photographic  Rays  of  Light ; 
so  thai  1  \\:is  still  somewhat  uncertain  as  to  what  the  magni- 
ii    of  the  final  ci  irreclious  would  be. 

[nail  the  provisional  photographic  results!   have  taken 

:  as  a  standard  star  of  the  magnitude  2.00  at  the  muni 

-     10'  where  the   absorption   of  the   photo- 

graphic  rays  (according  to  my  investigation  now  definitely 

ill  is  0M.50.     The  photographic  magnitude  of  Polaris 

in  the  zenith  on  this  same  scale  is  therefore  1M.50. 

In  this  paper  I  shall  only  consider  the  corrections  to  be 
applied  to  the  magnitudes  of  Nova  Aurigae  as  published  in 
no.  269  of  the  Astronomical  Journal. 

All  the  observations,  as  stated  in  the  paper  referred  to, 
arc  of  a  differential  character.  So  that  after  having  once 
determined  the  constant  correction  to  the  magnitudes  of  the 
i iparison-stars,  we  have  simply  to  apply  this  same  correc- 
tion to  the  magnitudes  of  the  Nova. 

While  making-  the  exposures  on  (J  Tauri,  ^Aurigae  and 
DM.  30°,  nos.  898  and  963,  for  determining  their  photo- 
graphic magnitudes,  these  stars  were  all  less  than  15°  from 
the  zenith,  so  that  the  effect  of  absorption  is  practically 
zero.  At  thes,.  same  times  the  altitude  of  Polaris  was 
roughly  the  same  as  the  latitude  of  the  place,  so  that  the 
correction  for  absorption  was  ■ — 0M.50  for  all  exposures  on 
Polaris. 

Assuming  now  that  Polaris  has  the  magnitude  2. Oil  in  the 
.  all  the  above  mentioned  comparison-stars  will  on  this 
new  scale  be  just  half  a  magnitude  fainter  than  the  values 
given  in  Astroni  mical  Journal,  no.  "269. 

That  is 

.'  Tauri  =   1 .58 

X  Aurigae  =  4.90 

DM.  30°89S  =  5.72 

DM.  30°963  =  5.48 

while  Polaris  at  the  observed  zenith  distance  52°  40'  has  the 
observed  (uncorrected)  magnitude  2.50. 


All  my  photographic  magnitudes  of  Nova  up  to  and  in- 
cluding March  9,  will  require  the  same  collection,  viz: 
+  0M.50. 

Iii  determining  the  corrections  after  March  9,  we  have 
only  to  deal  with  the  "  standard "  positive  plate.  This  plate 
was  exposed  2h  30ra,  beginuiug  at  the  zenith  distance  25  . 
and  ending  at  the  zenith  distance  55°. 

At  25°  the  absorption  is  ()M.ll,  and  at  55°  its  value  is 
0M.56.  It  is  rather  uncertain  just  what  value  to  use  for  the 
whole  exposure.  The  mean  of  the  two  extremes  is  probably 
too  great.  A  closer  value  is  probably  that  which  corresponds 
to  the  mean  zenith  distance.  I  have  therefore  taken  0".30 
as  the  correction  for  absorption  for  the  standard  plate.  The 
correction  to  lie  applied  to  all  magnitudes  found  by  means 
of  the  standard  plate  is  therefore 

Corr.  =  +0M.50  — 0".30  =   +0*.20 

All  the  magnitudes  after  March  9  are  therefore  to  lie  in- 
creased 0.20  magnitudes. 

For  greater  convenience  the  final  values  are  given  below. 


Photographic   Magnitudes   Corrected  for 
Absorption. 


Atmospherk 


Date 

Photogr. 

Date 

l'lu.togr. 

Date 

Pbotogr. 

1892 

Mag. 

18<J2 

Mag. 

1S92 

Mag. 

*Feb.    0 

5.13 

Feb.  24 

5.34 

Mar.    9 

6.66 

8 

5.04 

25 

5.40 

10 

7.30 

9 

5.17 

26 

5.54 

11 

7.90 

10 

5.27 

27 

5.25 

13 

7.90 

11 

4  9 

28 

5.48 

15 

8.65 

12 

5.0 

Mar.    2 

5.70 

16 

8.80 

13 

4.8 

3 

5.59 

20 

9.45 

14 

4.53 

4 

6.13 

21 

9.60 

15 

5.72 

6 

5.90 

22 

9.75 

21 

5.46 

/ 

6.40 

24 

10.00 

22 

5.62 

8 

6.59 

25 

10.20 

*  For  the  exact  times  of  observations  see  Astron.  Jour.,  no.  269. 

It  will  be  noticed,  by  those  who  have  given  this  star  par- 
ticular attention,  that  the  visual  and  photographic  magni- 
tudes are  now  practically  identical. 
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In  1 1 1 v  UQeorrected  results  the  sudden  jump  in  magnitude 
between  March  9  and  March  10  is  now  shown  to  be  due  to 
atmospheric  absorption.     I  did  not  fully  realize  the  magni- 

Mt.  Hamilton,  1892  October  22. 


tndc-  of  the  corrections  from  tl  is  I  should 

have  delayed  communicating  mj   results  for  .V        -l 
until  the  present  time-. 


ELEMENTS    AND    EPHEMERIS   OF  COMET  d  1892   bbooks,a 

Bv  GEORGE  A.   BILL, 
[Communicated  by  the  Superintendent  of  the  U.S.  Naval  Observatory. 
From  observations  made  on  Aug.  31  al  Kiel,  on  Sept.  18  al 
Gottingen,  and  on  Oct.  7  at  Hamburg,  I  have  compu 
following  elements  and  an  ephemeris  of  the  above  comet. 

The  places  have  lieen  corrected  for  parallax  and  aberra- 
tion, and  the  unit  of  brightness  is  thai  of  date  of  discovery. 
T  =  1892  Dec.  28.11944  Gr.  M.T. 


Q,   =z  2G4  32  36.2  ) 
o)  =  252  23  21.9  <■  Mean  Eq.  1852.0 
i  =     24   45    10.8  ) 
logg  =  9.991529 

Residuals. 


J),  cos  p' 


+  11.5 

—  3.1 


Following  are  the  values  of  the  constants  for  the  equator, 

x  =  r  [9.958561]  sin  (w+246  23  1.5) 
y  =  r  [9.975774]  sin  (w+ 147  19  15.7) 
z  =  r  [9.723032]  sin  (y+ 203    19  34.0) 

Ephemeris  for  Greenwich  .Mian  Midnight. 


1892.0 

a 

8 

log  A 

Br 

Nov.  16 

10 

19  51.2 

—  1   30.6 

9.9700 

20 

17 

24   23.1 

2  29.1 

18 

28  5  7.2 

3  28.2 

19 

33  34.1 

1    27.7 

20 

38   14.0 

5  27.9 

9.  1581 

23 

21 

4  2   57.2 

6  2s. 5 

22 

17    13.4 

7  29.5 

23 

52  32.3 

8  30.7 

24 

10 

5  7   23.6 

—9   32.1 

9.9494 

25 

Nov.  25 

11 

2 

16.9 

_lo  33.6 

26 

7 

12.5 

1  1   35.1 

2  7 

12 

10.6 

12  36.6 

28 

17 

11.3 

13  37.9 

29 

22 

1  1.5 

1  I   38.9 

80 

27 

20.2 

Dec.     1 

32 

28.2 

16  39.9 

■> 

37 

38.7 

3 

12 

5  1 . 5 

1 

48 

6.6 

19  37.3 

a 

53 

23..S 

20  34.9 

6 

11 

58 

13.2 

21    31.9 

7 

12 

4 

1.7 

2  2  27.8 

8 

9 

28.2 

23   22.1 

9 

14 

53.4 

2  1    L6.6 

10 

20 

20.5 

25     9.3 

l  1 

25 

19. 1 

26     1 . 1 

12 

31 

20.0 

26  51.7 

13 

36 

51.5 

27    10.8 

14 

4  2 

211 

28   28 

15 

17 

5-.:; 

2H   14.8 

16 

53 

33.2 

2'.'    51'.7 

17 

12 

59 

8.7 

30  43.2 

is 

13 

4 

4  5  5 

31    25.3 

19 

10 

23.0 

.-.2      6.0 

20 

16 

1.0 

3.2  45.3 

21 

21 

33    23.1 

2  2 

2  7 

17.7 

23 

32 

.1   .".1.:: 

2  1 

38 

35     7.7 

25 

44 

10.7 

3.5  39.7 

26 

13 

19 

17.  1 

_ 


- 


9.9427 


9.9447 


9.9498 


Naval  Observatory,   Washington,  !>.<'. 


•  Partially  printed  in  a  Supplement  issued  with  no 
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OBSERVATIONS   OF   COMET  /  1892,    holmes 

MADE     U     lllr.    HARVARD   COLLEGE    OBSERVATORY, 

l!v  n.  C    WENDELL,    Issisi  ini 
amunicated  U\    Prof,   i:    C.   Pickering,  Direi  I 


1892  Cambridge  M.T. 

* 

No. 
i  !omp. 

la 

-* 

/S 

a 

Nov.     8       9     20       6 

13     5.s     39 

ID      13,       15      .",2 
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Comet  excessively  faint  and  difflc  It  has  faded  very  much  s s  thi   last  observations. 

bis  object  can  be  followed  very  much  longer. 

.1//.  Hamilton,  1892  Nov.  8. 


ELEMENTS    AND    EPHEMERTS 

Bl    GEORGE 
lh,-,,  parabolic  elements  were  computet!  from  the  obser- 
vations of  Barnard  at  the  Licfi  Observatory,  Oct.  15,  18 
and  25,  the  observations  of  the    13tb  and  19th  baving  been 
omitted  from  apprehension  of  some  error  in  transmission. 

Kl.l-'.Ml  A  I  S. 

T=  1892  Nov.  25.8458  Greenw.  M.T. 

do  =  159  23   14  ) 
Q,  =  197  39     1      M.  Eq.  1892.0 
i  =     35  40  32  \ 
logo  =  0.22353 

The  discordance  of  the  middle  place  is 

(O— C)  cos^-j;.  =   +1'  34". 2  Id  =  — 1<>". 0 

The    resultant  heliocentric  coordinates  for   the   equation 

are  : 

x  =  [9.99310]r  siu(i>+   83  52  17  i 

y  =  [9.99231]?-  sin(v  +  355  50    3) 

z  =  [9.40996]?-  sin(v+131  23    2) 

A  comparison  of  the  resultant  ephemeris  with  the  obser- 
vations given  on  p.  102  indicates  that  the  declination  there 
given  tor  Oct.  19  is  1'  too  large  ;  and  thus  explains  the  dis- 
cordance of  the  various  systems  of  elements  obtained  by 
employment  of  this  observation. 

L892  November  12. 
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Observations  oi    mi:  Occultations  of  Mars  >>i    1892  July  11  and  September  :'..  by  Prof.  Milton  Hpdegraff. 
Preliminary  Note  on  Tbrrestriai    Atmospheric  Absorption  of  the  Photographic  Rats  oi    Light,  by  Prof.  J.  M.  Schaeberlb, 
Observations  of  the  Solar  Eclipse  of  1892  October  20. 

At  the  Columbia  College  Observatory  at  X.Y..  by  Mr.  Harold  Jacoby. 

\i    nil-.  Leandkr  McCormick  Observatory,  f.y  Prof.  Ormond  Stone. 
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Magnitudes  of  r(NovA)  Aurigae  Corrected  for  Atmospheric  Absorption,  by  Prof.  J.  M.  Schaeberlb. 
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SUPPLEMENT  TO  RECENT  CONTRIBUTIONS  TO  CHRONOLOG1  WD  K<  LIPSES, 

BY  JOHN   n.  STOCKWELL. 


1.  In  number  251  of  this  Journal  Mr.  Li%\  has  given 
senile  further  criticisms  of  my  investigations  concerning  the 
chronology  of  certain  ancient  events  ;  and  strange  to  tell,  he 
claims  thai  my  investigations  lead  to  conclusions  directly 
opposite  to  those  which  I  have  stated.  I  shall  tin  refore  en- 
deavor to  show  that  Mr.  Lynn's  inferences  are  altogether 
erroneous  ;  and  thai  the  conclusions  at  which  1  have  arrived, 


nection  with  the  shortness  of  the  I  the  brilliant 

twilighl  of  the  morning,  renders  it  very  improbable  that  any 
disturbance  would  arise  from  its  presence  above  the  horizon. 
But  it'  the  assassination  of  CAESAR  took  place  in  B.C.  !•">. 
the  amount  and  condition  of  the  moonlight  was  very  differ- 
ent. For  the  moon  was  then  almost  exactly  at  the  full :  and 
it  was  high  in  the  heavens  during  nearly  the  whole   night; 


are  not  only  legitimate  and  correct,  but  are  also  fully  con-  and  the  effect  ascribed  to  il                    .  would  legitimately 

Armed  by  the  discussion  of  other  and  independent  data.  follow. 

2.     Mr.  Lynn's  inference  that  I   reject   the  statement  of  The  assumption  thai  the  slumbers  of  the  sleeping  <  vi- 

Suetonius  in    regard  to  age  of    Augustus    at   the    time    of  purnia   were   disturbed  by    the  moonlight  of   a   practically 


his  death,  simply  because  it  is  opposed  to  my  views,  is  cer- 
tainly not  correct.  I  accept  the  testimony  of  Josephus  in 
regard  to  his  age,  because  it  harmonizes  various  historical 

and  astronomical  events;  whereas,  the  testimony  of  si  I  - 
tonus    is   at    variance  with    that    of   JOSEPHUS,  and    docs   nol 

accord  well  with  astronomical  phenomena.  And.  as  I  have 
already  remarked  in  a  former  paper,  the  credibility  of  a  his- 
torian is  measured  l>\  the  fidelitv  with  which  his  statements 


moonless  night,  certainly  lacks  the  dement  of  plausibility; 
while  his  interpretation  of  the  narrative  concerning  the  time 

of  moonris* the  fifth  of  March,  during  the  Spanish  War, 

noi   only  differs  from  that  of  othei  scholars,  but 

also  si  cms  destitute  of  a  plausible  reaso 1  the  part  < 

historian  for  any  allusion  whatever  to  the  moon,  in  that  con- 
nection ;  and  I  fancy  that  Mr.  I. inn  would  hardly  have  ad- 
vanced them  as  arguments,  except  in  support  of  an  ol 


correspond  with  facts  which  can  be  independently  determined  ;  untenable  hypothesis. 

it   follows  that  in   the  present   instance,  the  greater  merit  I.     In  regard  to  the  date  of  the  death  of  Darius,  1  can 

should  lie  accorded  to  JoSEPHUS.  only  say  that  my  conch  i  in  a  formei  paper,  were 

3.     Mr.  Lynn  also  maintains  that  the  light  of  the  "  waning  based  on   the   assumption   that    his    death  occurred   in   the 

moon,  five  days  before  conjunction,"  would  be  sufflcieul  to  same  Olympic  year  as  the  I  Lrbela.     I  Bud,  how- 


disturb  the  slumbers  of  Calpi  rnia  in  the  manner  described 
by  Plutarch.     Now,   1   am  willing  to  admit    in  a  general 
way,  that  the  moon,  live  days  before  or  after  conjun 
would  in  some  eases  he  quite  conspicuous  iii   the   heavens 

during    nearly  one-half   of    the    night  ;    lint    in    order  to    show 

that  such  was  the  case  on  the  morning  of  the  fifteenth  of 
.March  in  the   year  B.C.   II.  it    is   necessary  to   show   licit  the 

iim was    then    SO   situated    in    the    heavens    as    to   fulfil  that 

condition.       Now.   I   find  that   at  the  time  of    mOOlirise  at   that 

date,  the  moon  had  an  apparent  declination  at  Koine  of  27 
south;  and  that  ii   rose  at    l1'  20™  in  the  morning;   whereas 
twilight   commenced  al    I    85m,  or  only  one-quarter  of  an 

hour  later;  and  tie-  sun  itself  lose  ai  6h  I-"".     Therefore, 

the  moon  rose  only   I'1  52m  before  the   SUU,  on  that   occasion. 

Besides,  only  about  three-tenths  of  tin'  moon's  disk  was  then 
illuminated;  and  the  feebleness  of  its  light,  taken  in  con- 


liat  according  to  Arri  w.  the  death  of  Darii  s  occurred 
during  the  tiist  mouth  of  the  following  Olympic  year.  Hut 
I  also  tin, |  that  neither  Arrian  nor  Plutarch  makes  any 
reference  to  the  Olympiads  in  connection  with  the  bat 

l,  01'    with    1  he  death  of    Ituai-;    so    tied    \i N 

not  state  an  historical  fact  in  regard  to  the  date  of  the  death 
of  1  •  mhis,  but  He,  he  computed  Olympic  yi 

his  death,  based  on  the  assumption  that  the  first  Olympiad 
was  celebrated  in  the  year  B.C.  776. 

living  thus  disposed  of  Mi    Lynn's  sins,   1 

shall   now    proceed    to   give   s,,ine    additional   evidence    from 
eclipses  in  support  of  the  conclusions  already  arrived  at. 

5.     A  very  important  eclipse  of  the  sun  is  mentiot 
I'm  i. .on.  an  inhabitant  of  Trades,  a  city  of   I.ydia. 
Minor,    who   lived   ii)    the   second   century   of   our   eia.      II 
wrote  a  work    on    the   Olympiads,  in    sixteen  hooks  ;    hut    his 
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work  is  11  d fortunately  losl  ;  and  we  are  indebted  to  other 
writers  of  antiquity  for  the  preservation  of  it  fen  fragments 
from  his  important  work.  The  date  of  the  eclipse  is  re- 
ferred to  Hi"  Olympic  era  by  Phlegon;  but  unfortunately 
his  commentators  differ  so  much  among  themselves  thai 
nothing  can  he  determined  from  them  as  to  its  date,  without 

resorting  toastr oical  calculation.     Rev.  Sami  i  i   Farm  u: 

Jarvis  devotes  a  whole  chapter  of  his  Glironological  Htetory 
of  the  Church  to  Phlegon  and  his  eclipse;  and  professes  to 
give  all  thai  is  known  on  the  subject.  I  am  indebted  to  liis 
work  for  the  materials  heir  given.  There  is  a  substantial 
agreement  among  the  half-dozen  authorities  given  bj  .1  u:\  is. 
in  so  far  as  they  are  descriptive  of  the  eclipse  itself ;  bul 
i  In-  dates  to  which  ii  is  referred  embrace  a  period  of  sis 
years, 

The  earliest  date  given,  is  by  .Ioiin  Philoponus,  a  jgram- 
lnaiian  of  Alexandria,  who  lived  early  in  the  seventh  cen- 
tury. His  account  is  as  follows:  "He  [Phlegon]  Bays 
thai  in  the  second  year  of  the  202d  Olympiad,  there  hap- 
pened an  eclipse  of  the  sun  greater  than  all  which  had  been 
know  n  before  :  and  night  took  place  at  the  sixth  hour  of  the 
day,  so  that  stars  appeared  in  the  heavens." 

It'  the  first  olympiad  was  celebrated  in  the  year  B.C.  776, 
the  second  year  of  the  202d  Olympiad  would  be  A.D.  30. 
Now,  the  only  eclipse  of  the  sun  at  all  answering  to  the 
above  description  about  that  period  of  time  occurred  A.D.  29, 
Nov.  2  1  ;    when    the   snn  was  central   and   totally  eclipsed   at 

i  about   two  degrees  to  the  westward  of  Tralles,  and  a 

little  to  the  southward  of  that  place.  There  can  therefore 
be  no  doiihi  as  to  the  year  in  which  the  eclipse  actually  took 
place.  Now,  it  is  a  curious  fact,  that  it'  the  first  Olympiad 
occurred  in  B.C.  776,  all  the  commentators,  and  Phlegon 
himself,  who  had  made  a  special  study  of  the  Olympiads, 
were  wrong  ;  hut  if  the  first  Olympiad  occurred  in  the  year 
B.C.  777,  it  follows  that  the  statement  of  Pbii.oponos  and 
I'm  i  mi\  were  both  correct.  This  is  a  perfectly  satisfactory 
and  triumphant  confirmation  of  the  conclusions  previously 
arrived  at  from  the  discussion  of  other  eclipses,  and  from 
historical  considerations. 

(i.  A  second  important  eclipse  occurred  a  short  time  after 
the  commencement  of  the  reign  of  the  Emperor  Vespasian, 
and  serves  to  determine  the  first  year  of  his  reign.  The  be- 
ginning of  the  reign  of  Vespasian  is  variously  given  by 
historians;  the  dates  ranging  from  A.D.  68  to  A.I).  70. 
According  to  Dips  Cassios,  the  reign  of  Vespasian  com- 
menced on  the  first  day  of  July,  which  preceded  the  decisive 
battle  of  Cremona.  On  this  point,  jARViS,*in  his  Chrono- 
logical History  of  the  Church,  page  317,  remarks:  ••The 
decisive  battle  of  Cremona  must  have  been  fought  on  the 
29th  of  October.  It  began  about  -nine  o'clock  in  the  even- 
ing,  and  continued  the  whole  night,  'various,  doubtful, 
atrocious.'  The  sun  rose  upon  them  as  they  were  lighting. 
Dion  Cassii  s,  who  has  given  a  most  eloquent  description  of 
this   battle,    mentions    a    circumstance   omitted    by   TaCITDS, 


which    enables    us    to    lix    its   date.       -While    this   commotion 

existed  in  the  armj  of  Vitellius,  it  was  greatly  increased 
by  an  eclipse  of  the  moon,  which  to  their  terrified  minds 

I  not  only  overshadowed,  but  to  be  black  and  bloody, 
and  to  emit  other  fearful  colors.  The  soldiers,  however, 
did  not  on  this  account    desist   from    their  purpose,  bill   when 

Primus  [the  general  of  Vespasian's  arm]     sent  messen 
they  sent    oilers  exhorting   them  to  submit  to  Vitellios. 

This  brought  on  a  severe  battle,  though  the  soldiers  of 
Vilnius  wi'iv  without  a  general:  for  ALIENUS  [CaSSINa] 
was  in  chains  in  ( 'remona.' 

•■At  sunrise  a  ,1:11m  seized  the  soldiers  of  ViTEi.i.ics,  and 

the\    lied    to   Cremona.      The    moon  was  then    in    the  western 

horizon,  and  the  approaching  light  of  the  sun  in  the  east, 

and  the  exhalations  in  the  west,  produced  the  variety  of 
colors  by  which  the  soldiers  wen  terrified." 

Dion  ( '  i-n  9  further  relates  that  certain  presages  of  mis- 
fortune happened  to  Vitellius.     "A  comet  was  seen,  and 

the  moon  was  twice  eclipse, 1.  contrary  to  the  usual  course. 
to  w  it.  once  on  the  fourth  day.  ami  another  time  the  sei  entli. 
Two  suns  were  also  seen  at  the  same  time,  one  in  the  east 
which  was  char  and  dazzling,  and  one  in  the  west  which 
was  pale  and  obscure." 

If    DlON    means    lo    say  that    the    eclipses   occurred    on  the 

fourth  and  seventh  days  of  the  week,  the  last  eclipse  men- 
tioned must  have  happened  on  Oct.  29,  A  1>.  68,  which  was 
a  Saturday;  as  neither  of  the  large  partial  eclipses  of  the 
moon  which  took  place  in  A.D.  69,  occurred  on  a  Saturday. 
Besides,  the  two  suns  mentioned  as  being  visible  at  the 
same  time  must  have  been  tin'  real  snn.  bright  and  dazzling 
in  the  east,  and  the  totally  eclipsed  11)001]  on  the  western 
horizon,  which  would  have  appeared  pale  and  obscure.  The 
nearly  total  eclipse  of  the  moon  which  took  place  A.D.  69, 
Oct.  IS,  occurred  before  midnight,  and  the  darkness  thus 
produced  would  have  Serioush  interfered  with  the  lighting 
in  the  night-battle;  a  circumstance  not  mentioned  by  the 
historian. 

There  can  therefore  no  longer  be  any  doubt  that  VeS- 
pasian's  reign  commenced  duly  I,  A  D.  68  ;  and  this  agrees 
with  the  statement  of  1'i.im  that  the  two  eclipses  occurred 
within  fifteen  days  of  each  other  during  the  third  year  of 
his  reign,  which  ended  dune  SO,  A.D.  71;  for  we  have 
already  shown  that  those  two  eclipses  happened  in  March  of 
that  year. 

7.  We  shall  now  briefly  recapitulate  the  astronomical 
evidence  which  we  have  been  able  to  collect  ;  and  we  shall 
easily  perceive  that  it  is  entirely  harmonious  and  conclusive 
in  its  character. 

First.  The  date  of  Caesar's  assassination  is  shown  by 
two  astronomical  phenomena  to  have  been  March  I  5,  B.C.  45, 
instead  of  B.C.  44.  These  phenomena  were,  the  time  of 
moonrise  on  March  5,  during  Caesar's  Spanish  War:  and 
the  moonlight  on  the  night  preceding  the  day  of  his  death  : 
which  we  have  seen  could  not  possibly  have  existed  in  B.C.  44. 
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Second.     The  death  of  Ai  gi  sti  -  is  proved   by  the  i 
of  the  moon  nil  Oct.  7.  A .  1).  13,  to  have  taken  place  on  the 
nineteenth   of   the   preceding  August;  or  one  year    i 
than  usually  given  by  chrohologists. 

Third.  The  reign  of  Vespasiam  commenced  on  .Inly  1, 
A.D.  68.  This  is  proved  by  the  eclipse  of  the  moon  at  the 
time  of  the  battle  of  Cremona,  Oct.  29,  A.D.  68  ;  and  also 
by  the  two  eclipses  mentioned  by  Pliny,  which  occurred 
within  fifteen  days  of  each  other;  that  of  the  moon  hap- 
pened on  March  -I.  and  that  of  the  sun  on  March  20,  of  the 
year  A.D.  71  :   which  was  the  third  year  of  his  reign 

8.  We  thus  have  six  astronomical  phenomena  showing 
that  the  chronology  of  the  early  Roman  emperors  should  he 
antedated  by  one  year.  Moreover,  the  year  when  (  i  \- 
sorini  -  wrote  his  work,  De  Die  Natali,  is  determined  by  the 
succession  of  the  Roman  consuls;  and  as  we  have  already 
shown  that  the  first  emperors  should  he  antedated  by  one 

year,    it     follows    that     the    date    of    CENSORINUS    should    he 

earlier  by  one  year.     Censoeinus  therefore  wrote  his  book, 
DeDieNululi,  in  A.D.  237,  instead  of  A.D.  l':;.s. 

Now,  Censokinus  gives  us  tin'  connecting  link  between 
Grecian  and  Roman  history,  when  he  tells  us  that  the  yeai 
in  which  he  wrote  was  the  1014th  from  the  first  Olympiad, 
and  the  991st  from  the  founding  of  Rome.  Therefore 
237—1013  =  — 776  =  B.C.  777  =  date  of  first  Olympiad  ; 
and  237  —  990  =  —753  =  B.C.  7.">  I  =  dale  of  th'e  found- 
ing of  Home.  Moreover,  according  to  Varro,  Rome  was 
founded  in  the  third  year  of  the  sixth  Olympiad;  therefore 
it  was  founded  in  the  year —  781  +  27  =  —  754  =  B.C.  755. 
Bui  since  it  was  founded  dining  the  last  half  of  the  Olympic 
year,  its  tine  date  would  be  B.C.  754 ;  the  same  as  deduced 
from  Censokinus. 

Fourth.  We  have  seen  that  the  eclipse  of  K\sn  -  took 
place  in  the  year  B.C.  MM  ;  and  since  this  eclipse  occurred 
"'■"lit  years  after  the  founding  of    Rome,  we  have   B.I    . 

.'!.")())  =  B.C.  754  =  year  in  which  Rome  was  founded. 
Fifth.     We  have  seen  thai  the  Persian  invasion  of  G 
by   Xerxes   look    place    in   the  yeai    B.<  .  181  ;  and  as  the 
Olympic  games  were  celebrated  that  year,  it  is  evident  thai 
it  was  the  first  year  of  the  seveuty-fifth  olympiad,      i 
fine  seventy-four  Olympiads,  or  296  years  had  passed  since 
the  first  Olympiad  was   celebrated;   ami  consequently  the 
first  olympiad  occurred  B.I  -  181  I  296  i        B.I  .  777.    This 
i-  also  confirmed  1>\  the  statement  of  'I'm  cydides,  who  tells 
us  that  the  Persian  War  under  Xkrxes  preceded  the   p 

P lesian    War    by  fifty  years  ;  and  a-  we  have  found  that  the 

Peloponuesian  War  commenced   in    B.C.  131,   it    is   evident 
that  the  first.  Olympiad  occurred  in  the  year  B.C.  777. 

Sixth.       lint    the    most     direct     and    decisive    evidence    thai 

the  first  olympiad  was  celebrated  in  the  year  B.<  .777.  is 

afforded  by  the  eclipse  of  P n.     For  there  can  he  no 

possible  doubt  that  it  took  plan    m  the  year  A  I'  29,  V>\ 
'-'I  ;  because  there  wen-  m>  other  eclipses  visible  in  that  part 
of     the    world,    between     the    years    A.D.  17    Feh.    15,    and 


A.D.  19    .May   20,   that   would    at  all   correspond  wit 
description  given  bj  Phlegon.     We  thus  have 

-iinct  astronomical  phenomena  hearing  either  d 

or  indirectly   upon   the  date  of    the  lii>t    Olympiad  ;    and  they 
all  unite  in  fixing  that  date  in  the  year  B.C.  777. 

'.'.      We   may   therefore   summarize  a  few  of   the  more  im- 
portant dates  of  history  which    we   have  heeii   able   t" 
mine  astronomically,  as  follows: 

First.     Plutarch's  eclipse  happened  A.D. 113  June  I. 

d.     Jerusalem  was  destroyed  by  Tins  in  A.D.  69,  in- 
instead  of  A.D.  70. 

Tliird.     Vespasian  became  emperor  Julj  l.A.D     - 
of  A.D.  69. 

Fmi, tli.     The  eclipse  of  Phlegon  occurred  A.D.-;'.  Novem- 
ber 24. 

Fifth.     Augustus  died  iu  August  A.D.  13,  instead  ol  A  I).  1 1 

Sixth.     The  last   year  of  confusion  in   the  Roman  calendar 
was  B.I  .  17,  'instead  of  B.C.  16. 
h.     The  fust  year  of  t lie.lnlian  calendar  was  P.  I 

Eighth.      (    vi -vi.'-   Spanish   War   was   in    the   Year.-    17    ami 

46  i;.<  . 

Ninth.     <  vi-vi:  was  assassinated  on  March  !•"'.  B.I     15,  iu- 

stead  of  B.C.  I  I. 
Tenth.     Herod's  eclipse  occurred  either  Sept.  15,    1 

or    March  PI.    IPC.  1  :     and    HEROD   died    early    ill    the 

year  IPC.  I. 

■  m  was  taken  \'\  POMPEY  in  B.C.  65  ;   ami 

by  Herod  in  B.I 
Twelfth.     The  battle   of    Pydna    look  place  B.C.  175    - 

temPcr  ;i.  as  recorded  by  Livy. 
Thirteenth.     The    eclipse    of  Pelopidas    occurred   IP' 

.Inly   PP 

nth.     The  eclipse  of  Ennius  occurred  B.i 

temPcr  .".. 

Fifteenth.     Alexander  the  Great  was  Pom  B.( 
th.      The  Persian    inv  asiou   of  I 
enrred  in  the  year  1P(  .   181,  instead  of  B.t     18 

leenth.     The    eclipse   of    Larissa   occun 
Oct.  ■-':;.  instead  of  B.(  .  557  Maj   P.'.  as  determined  by 
Ana  . 
Eighteenth.     The  eclipse  of  Thales  occurred  B.i 

18. 
\  '      .    w  as  loim  ;   April  22. 

h.     The  i  i  July, 

B.I   .  777.  instead  of  B.C.  776. 

10.       Since    the  year  A.D. 29   wa-    the    SeCOUd    \eai    of    the 

202d  Olympiad,  as  determined  by  the  eclipse  ol    Phi 
it  follows  that  the  202d  Olympiad  was  celebrated  in  the  yeai 
\  ,D.  28,  which  was  a  bissextile  year ;  andhence  the  Olym- 
piads were  celebrated  in  the  bissextile  years  of  tin.  Julian 

calendar.      Thi8    is    what    I   BNSOR1NUS   affirms    ill     hi-    work. 
/'     /'      A      ■ '»'.   chap.   18;    as    -  --iviivian    in    his 

Chronology,  &c.  \  and  the  same  thing  i-  affirmed  by  Sextos 
Julius  Africanus,  as  quoted  by  Grkswkli  in  his  H 

Vol.  1,  Skyfpab 

that  the  Olympic  games  were  celebrated  time  moutl  - 
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the  assassination  of  Jdlii  s  Cai  sar,  which  of  course  would 
he  u  bissextile  year  if  it  took  place  in  B.C.  15  :  hul  a  com- 
mon year  if  ii  took  place  in  B.C.  14.  Moreover,  Ci  nsorini  - 
states   thai  the  year  in   which  he    wrote  his  bo  »k,  !>■  Dit 

.  w.i>  the  second  year  of  the  two  hundred  and  fifty 
Olympiad.     The  firsl  year  of  the  two   hundred    and  fifty- 
fonrtli  Olympiad  was  therefore  A..D.  286,  which  was  a  leap 
year;    and    this    is  au  additional  confirmation  of  the    fact 
established  by  the  eclipse  of  Phlegon. 

Having  thus  discussed  all  the  eclipses  which  a  \  ery  limited 
examination  of  classical  literature  has  brought  to  my  notice. 
I  shall  now  proceed  to  the  discussion  of  a  subjeol  which  is 
somewhat  closely  allied  to  eclipses  as  a  means  of  fixing  the 
dates  of  historical  events ;  and  thai  is,  the  conjunctions  of 
the  planets. 

il.  Although  the  heliocentric  con  junctions  of  the  planets 
occur  with  a  considerable  degree  of  regularity,  and  are  also 
very  easily  calculated  ;  the  geocentric  conjunctions  are  sub- 

jecl  i :m\  inequalities  in  the  periods  of  their  successive 

occurrences;  so  that  it  requires  somewhal  elaborate  compu- 
tations to  determine  accurately  the  character  of  auy  geo- 
centric conjunction  of  two  planets  which  occurred  in  ancient 
times.  On  account  of  the  frequency  cf  planetary  con- 
junctions, and  the  indefinite  manner  in  which  they  are 
usually  described,  it  becomes  a  matter  of  very  great  dilli- 
culty  to  identify  any  particular  conjunction  unless  it  is  asso- 
ciated  with  some  other  event  whose  date  can  lu>  independently 
determined.  A  remarkable  case  of  this  character  is  given 
in  the  Bible;  for  Matthew  informs  us  that  in  the  days  of 
Herod  the  king,  "there  came  wise  men  from  the  east  to 
Jerusalem,  saying-  -where  is  be  that  is  born  King  of  the 
Jews?  for  we  have  seen  his  star  in  the  east,  and  are  come  to 
worship  him.'"  From  the  subsequent  inquiries  and  man- 
dates of  Herod  the  king,  concerning  the  time  when  the  star 
appeared,  we  are  led  to  infer  that  its  appearance  took  place 
within  two  years  preceding  the  death  of  Herod  ;  and  it  has 
been  sought  to  explain  the  appearance  of  the  star  by  means 
of  a  conjunction  of  the  planets,  —  the  Creator  employing 
celestial  phenomena  to  proclaim  "  the  good  tidings  of  great 
joy.  which  shall  be  to  all  people." 

The  illustrious  Kepler  was  the  first  to  suggest  that  the 
star  of  the  wise  men  might  lie  explained  by  meaus  of  a  eon- 
junction  of  the  planets  Jupiter  and  Saturn  ;  and  he  even 
undertook  to  calculate  the  times  when  such  conjunctions 
look  place.  Much  has  been  said  and  written  on  the  subject 
of  the  ••  star  of  the  wise  men  "  during  the  past  few  years  : 
but  no  important  contribution  to  the  natural  history  of  the 
sta,  has  been  made  since  the  days  of  Kepler,  nearly  three 
hundred  years  ago.  But  the  supernatural  history  and  func- 
tions of  such  a  star  have  been  discussed  in  a  very  able  and 
interesting  mauuer  by  many  writers  in  theological,  literary, 
and  semi-scientific  periodicals  during  the  past  twenty  years; 
and  perhaps  nothing  of  interest  and  importance  can  now  be 
added  to  what  has  already  been  published  on  that  subject. 


I  find,  liowi  ver,  thai  Ki  pi.er  overlooked  one  important  ele- 
ment of  the  problem,  in  his  calculations;  and  consequently 
l.  ii  the  natural  history  ol  Hie  problem  in  an  incomplete  and 
unsatisfactory  condition.     I  shall  therefore  here  attempt  to 

complete  more  fully  what    Ki  -pi.er  began  :    and  show  that  the 

Biblical  narrative  concerning  the  ••  star  in  tin-  east,"  is  bet- 
ter satisfied  by  a  conjunct  ion  ,,r  Venus  and  Jupiter,  than  by 
any  of  the  conjunctions  computed  by  Kepler. 

12.  We  have  already  -ecu  that  the  death  of  Hi  rod  look 
place  early  in  the  year  B.C.  I  :  and  if  we  can  now  show  that 

there   wis  a    very  conspicuous    coujuncti >f    two   bright 

planets,  visible  only  in  the  east,  within  two  years  preci  ding 

that     dale,    the    hypothesis    that     such    conjunction    was    the 

event  referred  to  in  the  Biblical  narrative  will  at  leas)  be 
rendered  plausible,  if  not  entirely  legitimate:  and  for  this 

purpose  I    have  here  undertaken  the  calculati f  all  the 

conjunctions    of    the    planets    which    took    place    near   that 

epoch. 

I  shall  firsl  inquire  whether  there  was  a  conjunction  of 
the  planets  Jupiter  and  Salum  about  that  period  of  lime 
whicli  would  satisfy  tin-  required  conditions.  The  mean  in- 
terval between  two  helioceut  lie  Conjunctions  of  Jupiter  and 
Saturn  is  7253.4638  days:  and  they  were  in  mean  conjunc- 
tion B.C.  6  Jan.. 'lb.  Now  the  time  of  true  heliocentric  con- 
junction may  differ  from  the  time  of  mean  heliocentric  con- 
junction by  '-Ml  days,  on  account  of  the  inequalities  in  their 
elliptic  motions ;  and  by  23  days  more  by  reason  of  the 
ureal  inequalities  of  long  period  in  their  mean  motions.  But 
the  time  of  geocentric  conjunction  of  Jupiter  and  Saturn 
may  differ  from  the  time  of  heliocentric  conjunction  by  102 
days  :  so  that  a  geocentric  conjunction  may  occur  one  whole 
year  before  or  after  the  time  of  mean  heliocentric  conjunc- 
tion. In  the  present  instance  I  find  that  the  true  heliocen- 
tric conjunction  took  place  B.C.  7  Sept.  23,  which  is  1  i".t 
days  before  the  mean  heliocentric  conjunction  ;  and  that 
there  were  time  geocentric  conjunctions  during  the  year 
B.C.  7.  which  took  place  as  follows: 

The  firsl  conjunction  took  place  June  7,  in  which  Saturn 
passed  1°  4'  to  the  south  of  Jupiter;  the  second  conjunction 
took  place  Sept.  18,  in  which  Saturn  passed  1°  2'  to  the 
south  of  Jupiter  ;  and  the  third  conjunction  occurred  on 
Dec.  15,  in  which  Satwn  passed  r  81  to  the  south  of  Jupiter. 

In  the  first  conjunction  the  planets  would  have  an  elonga- 
tion of  about  73°  to  the  westward  of  the  sun.  and  would  be 
seen  dining  four  or  five  hours  in  the  east,  in  the  morning. 
The  second  conjunction  took  place  near  the  time  of  opposi- 
tion with  the  sun.  and  would  be  visible  during  the  whole 
night,  so  that  it  could  not  properly  be  designated  as  a  star 
in  the  east  any  more  than  a  star  in  the  west.  In  the  third 
conjunction  the  planets  would  have  an  elongation  of  about 
84°  to  the  eastward  of  the  sun.  and  could  therefore  appeal- 
only  as  evening  stars  in  the  west.  Moreover.  Saturn  is  not 
au  especially  bright  planet,  and  consequently  no  oue  of 
these  three  conjunctions  could   have  been  very  conspicuous 
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in  tlic  heavens.  The  first  conjunction  was  tlie  only  one 
which  was  visible  in  the  easl  ;  bul  since  il  occurred  nearly 
three  years  before  the  death  of  Herod,  ii  could  hardly  be 
said  to  satisfy  the  conditions  required  by  the  narrative.  No 
other  conjunctions  of  Jupiter  and  Saturn  could  possibly 
occur  until  about  twenty  years  later,  so  thai  we  ma 
chide  with  a  high  degree  of  probability  thai  the  phenomenon 
alluded  to  in  the  Bible  was  not  occasioned  by  a  conjunction 
of  Jupiter  and  Saturn. 

13.  Since  the  planet  Mars  is  a  conspicuous  objeel  when 
near  its  opposition  with  the  sun.  it  may  be  well  to  inquire 
whether  a  conjunction  of  Mars  and  Jupiter  might  nol  occa- 
sion the  phenomenon  referred  to.  But  since  Mars  is  con- 
spicuous only  when  near  its  opposition  with  the  Mill. 'it  is 
evident  that  any  conjunction  when  in  that  position  would 
appear  as  a  star  in  the  west  as  much  as  in  the  east,  ami  con- 
sequently would  not  fulfill  the  required  conditions.  There 
was,  however,  a  conjunction  of  Mars  ami  Jupiter  cm  .March 
5, B.C.  6  ;  but  at  that  tune  the  planet's  elongation  was  only 
18°  to  the  eastward  of  the  sun,  ami  consequently  could  have 
been  visible  only  in  the  west,  lint  Mars  was  then  so  far 
from  the  earth,  and  so  nearly  in  conjunction  with  the  sun, 
that  the  conjunction  would  be  wholly  invisible.  At  l lie 
same  time  Saturn  was  nut  very  far  from  Jupiter;  and  hence 
it  was  said  that  there  was  a  triple  conjunction  of  the  planets 
Mars,  Jupiter  ami  Saturn  in  the  spring  of  B.C.  6. 

14.  It  is  evident  without  calculation  that  there  could  lie 
no  conspicuous  conjunction  of  Venus  and  Mars  at  any 
time;  because  Mars  is  not  a  conspicuous  planet  mile--  its 
elongation  from  the  sun  he  greater  than  the  greatesl  elonga- 
tion ever  attained  by  VenuS,  so  thai  il  would  be  a  waste  of 
time  and  labor  to  enter  into  the  computation  of  any  such 
conjunctions. 

1").  It  now  remains  to  inquire  whether  the  two  brightest 
planets  of  the  solar  system,  Venus  ami  Jupiter,  might  not 
have  been  ill  conjunction  within  a  shorl  time  before  the 
death  of  Herod,  and  constitute  the  phenomenon  alluded  to 

iii  the  Biblical  narrative ;  for  it  was  the  beautiful  plie ne- 

non  presented  by  these  two  planets  when  in  conjunction 
last  February,  that  suggested  this  investigation. 

Now  the  conjunctions  of  Venus  with  the  sun  occur  with 
great   regularity  at  intervals  of  aboul   58J    days,   while    those 

of   Jupiter  occur  at    intervals  of  399  days.     Moreover,  it 

may    easily    he    shown    that     all    geocentric    COUJI tie 

Venus   and    Jupiter    inusl    take    place    within    about    60   days 

before  or  after  Jupiter's  conjunction  with  the  sun.  There- 
fore by  tabulating  the  times  of  Jupiter's  conjunctions  with 

the  SUU,  we  have  only  to  investigate  the  longitude    of    I       I 

for  a  period  of  sixty  days  before  or  after  thai  eveul  in  order 
to  determine  whether  a   conjunction  ol    those   planets  will 

then  take  place. 

Now  I  Iii  id  that  JupiU  r  was  in  mean  conjunction  with  the 
sun  B.C.  (i.  March  29,  while  Venus  was  in  conjunction  on 
the  preceding  fifth  of  November,  or  Ml  days  earlier  than 

Cleveland,  Ohio,  L892  Oct.  i". 


Jupiter.      Venus  had  therefore  passed   hi 
elongation  and  was  moving  towards  ii  junc- 

tion, and  she  would  overtake-  Jupiter  on  M  .  their 

mutual   elongations   from  the  sun  would  be  27 
west.      At  that  time  the  heliocentric  latitu 
Jupi  •  i'  \\  ere  3    21 '  and  I     20'  south  ;   «  hil 
latitudes  were  l     10' and  1    8' south,  respectively.     I' 
i  low.-,  that  at  the  I  inn-  of  their  geocentric  coirju 
Jupiter  was  only  32',  or   alioiit    the   angular  breadth   of  the 
moon  to   the  northward   of    Venus.      Ami   as  ■     then 

to    the    westward    of    the    sun,  they   would  he  visibli 

as    a    -tar    in    the    east    a     couple    of     hours  lUfise. 

These  two  brightest   planets  in   the  sky  would  tl 

the  time  of  conjunction,  B.<  .  6  May  8,  lie  apparently  very 

Closi      together,    and    produce    a    striking     and    beautiful    ap- 
pearance.     The    date    also   at    which    it    took    place, 
about    titty    days    less    than    I  w  ifore    the   death   of 

Hkrod,   harmonizes  well   with   the   spirit   and  other  ■ 

lion-  of  the  narrative.       For  it   i-  probable  that    the  mandate 

for  the  slaughter  of  the  children  of  two  year-  old  mid 
was  issued  some  months  before  his  decease;  and  the  limit 
of  two  years  would  leave  an   ample  margin   for  any  uncer- 
tainty as  to  the  time  of  the  appi  arance  of  the  star,  a-  related 

by  the  Magi. 

There  were    no   other   conjunctions   of    Venus   and    ./ 

I    until  tin-  year  B.C.  '-'.  or  nearlj  two  the  death  of 

IIkuod.  when  there  were  two  conjunctions,  one  of  which 
occurred  on  August  31,  and  the  other  on  October  I.  The 
tirsl  "i  these  was  invisible  on  account  of  being  too  near  the 
sun;  hut  the  second  took  place  when  Pi  ins  was  nearlv  at 
her  greatesl  elongation  to  the  westward  of  the  suu. 

16.      If   the    preceding    calculations,    ami   the    iiifei 
based  on  them,  are  correct,  it  follows  thai  Chkist  was  horn 
as  early  as  May  in  the  yeai   B.(     6;  ami  if  he  was  c 
at   the  time  of  a    paschal   full   moon,  which   occurred  on  a 
Friday,  it  musl    have  taken   place  on   April  .".  in    tin-  veai 
LD.  38,      And  since  any   given  phase  of  tin    n 
peated  on  the  same  day  of  the  week,  and  also  within  two 
days  of  the  -a me  time  of  the  year,  at  intervals  of  :;.;  i   luna- 
tions, or  '_'T  year.-,  il  follow-  thai  ii  -,|    full 
son  a  Friday  between  the  years  A.D.6  and  A  , 

except    the  one  on   April  3,    A.D.  33.      Whence  it   WOII 

to  follow  that  (  iiimsi  was  thirty-eight  years  old  at  the  time 
of   hi-  crucifix  ion   and   death:   ami   this  would  vindicate   the 
by  of  the  Jewish   Doctors,  who  ha  firmed 

that  he  (Jksus)  was  not  then  fifty  (forty':  )  years 

I  close   conjunction   of   Venus  and   ,}ni  \'<i  — a 

combination—  the  symbols  >•(   love  ami 
with  dignity  aud  po  -  a  titling  announcement 

hii th  of  a  Prince  who  was  to  hi 

■wards  men  ;  and  is,  perhaps,  I 
tionol'  the    truth   of    the    Biblical    narrative  concern' 
origin  of  the  Christian  dispensation  thai  has  y,  t  been  found. 

having  a  purely  scientific  bafi 
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EPHBMERIS  <>K   COMET  a  1892    swift)* 

By   F.  GERTRUDE  WENTWORTH. 

I   "ill  inn. '.I   li- p.  9fi. 
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OBSERVATIONS  OF   COMET  /'1892  [holmes), 

The    following   observations   of   this  comet    have  Itch  received,  and    the   firs!    three  were  printed   and   distributed 
in  the  Supplement  to  no.  279. 

FROM    PROF.   BOSS    AT   THE    DUDLEY    OBSERVATORY. 

ff0  6/ — ^  ar's  apparent 

1892  Albany  M.T.  *       Comp.  la  ih  a  S 

Nov.  13  7    !:•'    17     LI. 1443   27,9       —2 "'•'>*. 7s         —3  38.0         0  44  0.80     +37  54   31.9 


log  /'A 


Bed.  to 
app.  place 


Mean   Plact    for  1892.0  of  Comparison- Star. 

8  Red-,t0  Authority 

"  app.  place 

0~46  56.60  +2.98  +37  57  43.5  +20. 4         Lund,  Astr.Gesellsch.(2  obs.),  Paris(l  obs.) 

p  =  110°,  approximately.  Computations  convince  me  that  this  is 
Bik.i.a's  comet,  that  it  will  reach  perihelion  about  Dec.  l'7,  and 
come  very  close  to  the  earth  about  Nov.  27. 7  Greenw.  M.T. 


The  comet  appears  like  a  very  large,  bright,  round  nebula,  about 
9'  in  diameter,  slightly  defective  on  the  s.  foil,  edge,  with  a  well- 
marked   central  condensation.      Its  faint  nucleus  is  elongated  in 


FROM   PROF.  J.  B.  COIT   AT    BOSTON    UNIVERSITY. 

X,,.  &    —  ^  n  '  "s  apparent 


log  pA 

for  a  for  a 


1892  Washington  M.T.  *  Comp.  la  JS 

Nov.  11   8  g'.vj.s       W. 11.1U83     17.7  +  42.7,1  —2  44.4         o'4j'"ol'70      +58  6  41.9    j-9.050    9.87)0 

Mean   Vlaci.  for  1892.0  of  Comparison- Star. 

8  Red\t0  Authority 

app.  place  J 

0  44  G.24  +38  9  0.1  +26.2  Weisse's  Bessel  1083 


Red.  to 

app.  place 


Prof.  Coit  writes  that  on  the  evening  of  Nov.  13  he  saw  the  comet  distinctly  with  the  naked  eve.     It  seemed  about  lA  magnitudes 
nan  «  Andromedae. 

FROM    PROF.   BARNARD   AT    THE    LICK    OBSERVATORY. 

No.  o/ —  ^  &/'*  apparent 


1892  Mt.  Hamilton  M.T. 


( Vmp 


Nov.  8     8  23  44       Paris  1105       12,4 
12    17   19       Paris  1105         i  .  1 


la 

-o"  18*52 
-ii  55.35 


log  pA 

Id  a  O  for«  forii 

-4   20.2       0    Ii-."  16*26      +38  23      1.5  n9.228    8.700 
-5  30.8       0  46     9.43      +38  21    59.4     9.655    0.133 
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Mean   Plact  for  1892.0  of  Comparison- Star. 

Red.  to  c;  Bed.  to 

app.  place  d  app.  place  Authority 


0  47   1.76 


+  3.0-2 


+38   27 


.0 


*  25.7 


Paris   I  105 


The  second  position  was  simply  observed  to  gel  amount  of  mo- 
tion, and  is  not  perhaps  eery  accurate. 

The  comet  was  easily  visible  to  the  naked  eye,  as  a  small  hazy 
star,   and  almost  exactly   as  bright  a-  the  brightest   pail  of  the 


great    nebula  in   Andromeda.     With  the  12-inch  teles 
perfectlj  circular  and  singularly  well  di 
midnight  ea.\  e  tie-  diameter  a-  c  35*. 


FROM    PROF.  YOUNG,   AT    PRINCETON   (Observations  by  MR.  T.   REED). 


181)2  Greenwich  M.T. 

Nov.  -21    lf/:57"V 
16     7  2 


0  41   46.56 


No. 
Gomp. 

is 
in 


<£>—  * 


la 

*  n;.  1:1 


;8 


<T'S1 


II     12    .Vol 


f  10.0 


logp& 
9.458       .    . 


Mean  /'/</<■>  for  1892.0  of  Comparison- Stat 

Red    n>  ^  Red.  to 


app.  place 

\  -J.  188 


+  37  2  28.5 


app.  place 

I     -JS.sil 


Authority 

W.B.  0.1029 


PHOTOGRAPHIC    AND    VISUAL   OBSERVATIONS   OF   COMET/1892    //-/..van. 

V,\    I.    E.   BARN  villi. 


The  first  night  that  1  observed  this  comet  (Nov.  8)  I 
did  not  examine  it  with  a  low  power  until  after  moourise 
—  the  micrometer  with  a  bigb  power  being  used  to  measure 
the  position  before  moonrise. 

The  following  night,  Nov.  9,  however,  showed   besides  a 

short,  faint,   hazy  tail,  a  Taint   nebulous  atmosphere  al 1 

12'  in  diameter,  symmetrically  surrounding  tie1  well-defined 
disc  of  the  comet.  This  hazy  atmosphere  was  also  seeu 
with  the  4-inch  comet  seeker. 

On  tlie  1 0th  1  made  a  photograph  of  this  object  with  three 
hours  exposure  (61'  1  ,V"  to  :ih  l.V"  Standard  Pacific  Time) 
using  the  6-in.  Willard  lens  and  a  Cramer  "Lightning" 
plate,  the  comet  being  followed.  This  long  exposure,  of 
course,  would  totally  burn  out  any  of  the  brighter  detail, 
and  was  given  with  the  hopes  of  finding  011 1  some 
about  the  comet's  surrounding. 

This  plate  showed  the  bright,  circular  disc  as  a  dense, 
sharply-defined,  round  spot,  very  slightly  diffused,  south 
following.  Symmetrically  surrounding  this  was  the  circular, 
nebulous  atmosphere,  strongh  marked  and  fairly  well  de- 
lined,  and   12'  in  diameter.       A   rather    narrow  and   faint    tail. 

over  half  a  degree  long,  "a-  also  shown  pointing  to  the 
southeast.  Ai  the  extremity  of  the  tail,  neatly  a  degree 
from  the  count,  was  a  faint  ami  vcr\  vague  looking  nebu- 
losity, perhaps  half  a  degree  in  diameter. 


This    I    am    certain    belongs    to    the    comet,  aiel    mi 
diffused   nebulous  attendant.      In  a  nighl   or  two.  when  the 

< 1  will   permit  a    longer  exposure   in   the   morning  skv.  I 

will  try  it  again  with   four  or  five  hours  exposure,  to 

the  connection  of  this  diffused  nebulous  attendant  with  the 

comet 

Visually   with    the    12-inch,    the    n.p.    edge   of    the 
proper    is   singularly   well   defined,    while   the  s.f.    edge   is 
somen  hat  less  definite.     Take  it  altogethi  i .  u   v. 
is  no  diffusio '  the  well-defined  disc  into  the  hazy  atmos- 
phere that  surrounds  the  comet . 

With  a  low  power  the  object   looks  like  a  p 
faintly  surro ling  atmosphere. 

The  nucleus  is  eccentrically  place,],  being   on    tin    i 
ing  side  of  the  middle  of  the  disc,  while  ueai    I 
the  comet   is  a  second  brightening,  and  from  this  :.n 
gated  condensation  extends  south  following.      The  general 

appearance  of  ll omet   is  that  of  the  vertical  projection  of 

a   cone      gradually  brightening  towards  the  middle.      The 
nucleus  is  small  and  ill-defined. 

With  the  naked   eye  on    N01  to   be 

brighter  and  more  stellar  than  en  the  pi,  e,  dine   night.     On 

the   imh  it   may  possibly  have  been  a  lilt!.-    blighter    Vet.       It 

was  a  little  les  i 

.1//.    Ha  1892  A         11. 


ELLIPTIC    ELEMENTS   OF   COMET  1892/ {Uolmes), 

By  Hbv.  GEORGB    m    si   m.i  1 
I  attempted  to  compute  an  orbit  for  this  comet  from  the      hyperbola.     On    plotting  the  observations  with  later  one-. 
earlier  observations,  and  obtained  one  bearing  some  resem-      however.it  became  evident  that  the  rough  dis 
blance  to  that   of  Biela  ;  but  the  middle  place  could   not      vation  was  altogether  too  inaccurate  to  be  of  s 
be   represented    satisfactorily   except     by   an    exaggerated      delicate  work.     The  problem  was  therefon    taken  up  anew 
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from  the  observations  In   Wkndeli    on   Nov.  8  aud  11,  witli 

two  of  iniiH'  mi  Nov.  1 1  mmi I  18, —  the  former  being  combined 

mi place   %>.  it  / j   thai    made  by  Wendell  al   nearly  the 

same  I  irae. 

Ii  sunn  became  evident   that,   with  the  ratio  of  the  dis- 
resulting   from   the  observations,  indicating  thai   the 
cornel  »'i-  slowlj  i                a  ■  parabolic  chord  could  be  put 
in  ai  any  place  between  the  lines  of  obsei  v  ition.     An  obser- 
vation having   been  obtained    here   on    Nov.  l''>.  the  unre- 
el   nputution  was  therefore  lertaken  from  Nov.  8, 

ii.  mill  16.     The  following  result  has  been,  obtained : 
T  =  i'.i.  11.9802  Gr.M.T. 

to  =     62    19     2  ) 
a  =  325,  II    1CV  1892.0 
i  =     19    16    13  \ 
log  a   -      0.525258 
log  i    -      9.504648 
Period  2241  days. 
I'his  orbil  represents  the  observations  thus  far,  reduced 
lo  latitude  and  longitude,  as  follows  (O — (')  : 


against  its  being  approximately  the  true  one,  would  be 
probably  the  enormous  Bize  which  the  comet  musl  have,  to 
subtend  such  an  angle  al  the  distance  indicated  (about  1.5), 
and  the  certain,  if  nol  great,  increase  in  its  size  Bince  dis- 
coven  :  but  ii  has  certainly  steadily  become  fainter. 

There  is  another  positive  rool  to  the  solution  equation  for 
distance,  but  the  distance  given  l>y  it  is  so  great  that  ii 
seems  comparatively  unlikely.  The  accordance  of  the  five 
observations  with  the  present  orbil  is  favorable  to  it.  but 
perhaps  nol  eonclusn  e. 

\ irdiug  to  this  orbit  the  nearly  stationary  appearance 

of  the  cornel  is  -imply  due  to  it-  being  in  thai  position,  with 
regard  to  opposition,  in  which  such  would  naturally  be  the 
case. 

The  comet  appears  to-nighl  (Nov.  20)  -till  fainter,  about 
15'  in  diami  ter,  slight  central  tail  on  the  following  side. 

Epuemeris  mi:  Greenwich   Midnight. 
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+35  34.4 
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Tin'  orbit  is  certainly  an  extraordinary  one  in  its  small 
eccentricity,  being  more  like  that  of  an  asteroid  than  of  a 

c i:   it    is  noticeable,  however,  that  the  aphelion   is  not 

very  far  from  the  orbit  of  Jupiter.     The  principal  arguments 

Washington,  1>.<\.  1892  Nov.  21. 


The  position  at  the  time  of  discovery  is,  according  to  this 
orbit,  u  =  0"  47m  29'(=  ll°52'.2),  A  =  +38°  34'.2:  it 
would  appear  then  that  a  mistake  of  1"'  was  made  in  tin- 
discovery-observation  as  it  has  been  given,  probably  occur- 
ring in  the  reduction  from  time  to  are.  This  error  gave  tin- 
comet  an  apparently  accelerated  motion,  and  indicated  an 
approach  to  the  earth. 


METEORIC     SHOWER 

A   notable  display  of  meteors  attracted  the  attention  of 

many  observers  on  the  evening  of  November  23.  Prof.  Rees 

raphs  from  New  York  City  that   he  counted  more  than 


two  hundred  in  forty  minutes;  their  radiant  being  about  10° 
northeast  of  Comet/.  The  Editor  of  this  Journal  estimated 
those  casually  seen  by  himself  as  equally  numerous. 


COMET  g  1892. 


A  rather  bright  nebulous  object,  suspected  to  be  a  comet, 
was  found,  Nov.  19,  by  Mr.  Brooks,  at  Geneva,  N.Y.,  in 
the  approximate  position. 

a  =  12"  56m,     8  =   +12°  59' 

A  position  obtained  by  Mr.  Wendell,  at  the  Cambridge 
( >bservatorj . 


Cambr.  M.T.  ><  & 

Nov.21    16b    1 4"  38!         12»  59™  158.62         +  !.">    50' 27".3 
Daily  motion.  +1'".G  in  «,  and  2;V  northward. 

It  is  described  as  l'.o  iu  diameter;  circular,  with  a  toler- 
ably well-defined  nucleus,  ami  about  10M.5. 


<   O NT E X  T s . 
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From  Prof.  J.  B.  Con  at  Boston  University. 

From  Prof.  Barnard  at  thk  Lick  Observatory. 

From  Prof,  Young  at  Princeton". 
Photographic  and  Visual  Observations  of  Comet/1892  (Holmes),  by  Prof.  E.  E.  Barnard. 
Elliptic  Elements  of  Comet  1892/ (Holmes),  by  Rev.  George  M.  Searle. 
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ON    THE    DIVISION- KK  ROUS    OF     II IK 
RUTHERFURD   PHOTOGRAPHIC 


In  the  admirable  Memoir  of  Mr.  .1  \<  obt,  the  author  states 
on  page  212  of  the  Contributions  from  the  Observatory  of 
Columbia  College,  that  "The  method  employed  (in  investi- 
gating the  division-errors  of  the  Rutherfuid  scale)  was  not 
such  as  would  free  the  results  from  cumulative  error,  bul  it 
is  highly  probable  that  a  sufficient  degree  of  accuracy  for 
the  present  purpose  has  been  attained." 

Inasmuch  as  the  writer  endeavored  in  this  investigation 
to  take  strict  account  of  the  cumulative  errors  of  the  scale, 
it  is.  perhaps,  desirable  that  a  brief  account  should  be  giveu 
of  the  method  employed.  In  view  of  the  prominence  which 
will  be  given  to  photographic  measurements  in  the  near 
future,  this  discussion  may  serve  a  useful  purpose.  More- 
over, the  results  obtained  by  Mr.  Jacoby  will  have  additional 
value  if  it  can  be  shown  that  the  division-errors  employed  in 
the  reductions  introduce  no  sensible  errors.* 

It  will  be  seen  from  an  examination  of  the  tabic  given  on 
page  "-'To.  that  the  value  of  an  average  scale-division  is 
28". 01.  It  will  also  be  seen  from  an  examination  of  the 
table  on  page  250  that,  the  maximum  cumulative  error  of 
the    scale    is    near    line  217.  where    its    value  is  0.0297.      The 

maximum  error  of  the  scale  is.  therefore, 

•-'s'.oi  x  0.0297  =  0".83 

The  number  of  divisions  of  the  micrometer  corresponding 
to  this  value  will  be  seen  from  an  examination  of  the  second 
table  on  page  243,  to  be  aboul  76.  The  actual  value  for 
this  particular  space,  as  it  appears  in  my  manuscript,  is 
78.6  divisions.     The  value  of  one  division  will  therefore  be 

£•     "  "« 

If,  therefore,  we  admit  the  existence  of  an  error  at  any 


♦Since  this  paper  was  prepared,  the  writer  ti:i~  learned  through 
correspondence  with  Mr.  Jacoby,  that  be  uses  the  expression 
"  cumulative  errors "  In  a  different  sense  from  thai  In  which  It  Is 
used  in  the  following  discussion.  He  limits  the  expression  to  the 
case  [n  which  the  results  given,  have  different  weights,  such  as 

WOOld  be  likely  to  occur  in  any  summed  9(  1 1(  9. 


GRADUATED    SCALE     USED     IN     THE 

MKASFRES  OF    TIIK    PLFIADES, 

.   ROGERS. 

point  as  great  as  ten  divisions  of  the  micrometer,  the  result- 
ing measures  of  the  stellar  positions  will  only  be  affected 
with  an  error  of  0".l.  Since  the  probable  error  of  a  mi  as 
urement  of  a  single  space  is  only  four-tenths  of  a  division. 
and  for  any  value  of  the  cumulative  error  in  a  summed 
series,  does  not  much  exceed  three  divisions,  it  will 
be  seen  that  the  results  given  in  Mr.  Jacoby's  memoir  arc 
practically  free  from  the  effect  of  division-errors  of  tin- 
scale. 

The  method  employed  in  measuring  the  relative  errors  of 
sub-divisions  of  the  scale  may  be  described  as  the 
method."  The  microscope  is  attached  to  a  plate  which  is  car- 
ried over  the  ways  of  the  comparator  by  meansof  a  rack  and 
pinion  movement .  At  each  end  of  the  plate  is  inserted  a  hard- 
cued  steel  plug,  having  a  rounded  end.  Two  movable  sliding 
plates  are  placed  upon  the  ways  on  opposite  sides  of  tin 
microscope-carriage.  These  plates  are  firmly  clain'. 
the  lied  of  the  comparator,  at  a  distance  apart  such  that  the 
carriage,  in  passing  from  contact  with  one  stop  to  contact 
with  the  other  stop.  tm»  es  o>  fi  a  space  approximately  equal 

to    one    of     the    spaces    t,i    lie    compared.       Tin'    !uie|.  - 

carriage  bai  ing  been  brought  into  contact  with  the  lefl 
the  micrometer  line  of  the  microscope  is  brought  into  coiuci 
deuce  with  the  initial  line  id'   the  space   taken  as   the   unit  ol 
measurement.     The  carriage  is  then    moved  till  contact  is 
made  with  tin-  right  stop,  and  a  reading  of  the  micii 
is  taken  for  coincidence  with  the  terminal  line   o\    th.    - 
If  tin-  stop~  an-  sel  exactly  equal  to  the  space  measured,  the 
micrometer   has   no   work  to  do.      In    practice    however,  it  is 
found  advantageous  to  make  the  distance    between  the  StO|  - 

a  little  greater  than  the  average  scale-distance.  The  scab 
is  then  moved  along  upon  the  bed  of  the  comparator  parallel 
to    itself,  till    a    near   coincidence    with    the    til  st    line    of   the 

second  space  is  obtained,  when  the  operation  of  measure- 
ment is  repeated.     In  this  way  each  successive  spact    - 
pared   with   the   C'OUStanl   distance   between  the   stops.      The 

thod  of  procedure  will   appear   from  the  follow;. 

ample  i 
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i  ,it  stop 

Klgbl  Stop 

Relative 

B ■■! 

Hi 

ol  MIc 

Dh    ol  Mli 

i:     i 

i - 

1 

1.  1 

8.8 

1    1.4 

—0.4 

—0.4 

ill   2 

6.0 

9.9 

— 0.1) 

—1.8 

.". 

8.4 

8.G 

-+  5.2 

»  0.4 

— O.'J 

1 

1.1 

9.8 

1  5.7 

t  0.9 

0.0 

.'■ 

2.6 

7.1 
Mean 

+  4.8 
+  4.8 

0.0 

0.0 

Here,  +4.8  div.  represents  the  excess  of  the  distance  be- 
tuci  ii  the  stops  over  the  average  distance  between  the  lines 
of  the  graduated  bar.  Subtracting  this  mean  from  each 
value  of  (E — L)  we  have  the  series  of  relative  corrections 
required  to  reduce  each  line  to  the  position  which  ii  would 
occupy  if  all  the  spaces  were  equal  :  but  each  space  has  a 
nru  line  of  reference. 

In  the  last  column,  the  values  in  the  preceding  column  are 
all  referred  to  the  initial  line  of  the  scale.  The  summed 
series,  therefore,  indicated  by  the  iisu.'il  symbol  2,  repre- 
sents the  cumulative  errors  of  the  entire  system  of  sub- 
Wi\  isions  compared.  According  to  the  conventional  nomen- 
clature adopted,  n  negative  sign  indicates  that  the  measured 
space  i-  i""  long. 

Instead  of  the  "stop  method"  one  may  employ  with 
equal  advantage,  the  "  two-microscope  method,"  when  the 
spaces  compared  do  not  fall  much  below  C  or  8  centimeters. 
The  ••  stop  method  "  has,  however,  the  advantage  of  allow- 
ing comparisons  between  spaces  having  any  value  whatever. 
With  regard  to  the  precision  of  which  the  method  is  capable, 
it  may  be  said  that  the  probable  error  of  a  single  contact 
between  the  stops  is  decisively  less  than  the  probable  error 
of  a  single  measured  coincidence  with  the  Blar  micrometer. 

The  use  of  a  screw  in  the  measurement  of  cumulative 
errors  requires  that  the  periodic  errors  of  the  screw  shall  be 
definitely  determined.  Since  errors  of  this  class  vary,  not 
only  with  the  load  carried  by  the  screw,  but  also  with  tem- 
perature, and  with  the  degree  and  kind  of  lubrication,  this 
method  is  liable  to  lead  to  erroneous  results,  unless  the 
greatest  care  is  taken  to  secure  the  partial  elimination  of 
errors  which  it  is  possible  to  obtain  in  a  limited  degree  by 
the  method  of  comparison  employed. 

Judging  by  my  own  experience,  the  method  is  likely  to 
give  au  appearance  of  precision  which  does  not  really  exist. 

In  the  application  of  the  method  here  indicated,  we  are 
confronted  with  two  sources  of  error,  which  baffle  every 
effort  at  determination  with  perfect  exactitude.  They  are 
the  following  : 

(1)  The  values  in  the  column  of  relative  corrections,  as 
shown  in  the  example  given,  have  the  same  weight,  but  the 
values  in  the  summed  series  have  different  weights. 

(2)  The  effect  of  an  accidental  error  of  observation  at 
any  point  in  the  series  of  comparisons,  will  be  to  give  a 
wrong  value  to  the  mean,  and  this  error  will  appear  in  the 
summed  series  in  the  form  of  a  periodic  error.  Let  us  sup- 
pose that  in   the  following  fictitious  example,  an  accidental 


error  x  is  introduced  in  the  measurement  of  the  fourth  Bpace. 
We  shall  i  hen  have  : 


ices 

(R— L 

.liv. 

Relative 

Bammed 

1 

+  4 

0 * 

"          i  D 

o  -  ft 

■_> 

+  6 

+  -'-   ,'„ 

+  2 

;; 

+  3 

-1    -    ,'„ 

+  1 

I 

+  4  +  0! 

+  (»      1 

+  1  + 

6 

+  2 
+  1 

L   1  ., 

°   1  II 

i    -f  •'" 

— '   ^  in 

-1 

7 
8 

+  :; 

+  7 

-i  -  h 

-5 

•>  . 

— -        i 

9 

+  2 

. ■>  r 

— *        i  n 

4    4-     -r 

4     T      l  '■ 

0 

+  8 

4-j j- 

0  +  0 

Mean  =  +  1  \   ,'„ 

It  will  be  seen  from  this  table  that  the  form  of  the  periodic 
error  introduced  in  the  summed  series  depends  on  the  point 
at  which  the  accidental  error  is  introduced. 

There  is  apparently  another  source  of  error,  which  has 
given  the  writer  much  trouble,  and  which  does  not  seem  to 
admit  of  au  easy  explanation. 

[f  the  principal  divisions  are  -till  further  subdivided,  the 
corrections  derived  for  these  subdivisions  must  be  intro- 
duced into  the  principal  summed  series  in  such  a  manner 
that  each  collection  shall  be  referred  to  the  initial  line. 

If  we  assume  that  the  corrections  to  the  principal  sub- 
divisions have  been  correctly  determined,  the  effect  of  these 
errors  upon  the  secondary  subdivisions  will  be  found  by 
distributing  the  errors  proportionately  over  the  spaces 
covered.  The  corrections  for  each  line  of  the  subsidiary 
series  will  then  he  found  by  adding  the  corresponding  values 
in  the  two  series. 

The  error  to  which  attention  is  called,  appears  in  the 
transfer  of  graduations  from  one  bar  to  another,  when  one 
applies,  in  the  process  of  ruling,  the  corrections  to  the  gradu- 
ations of  the  primary  bar,  determined  in  the  manner  indi- 
cated above.      For  example,  in  the  construction  of  a  standard 

meter  subdivided  into  1000  equal  parts.it  is  always)' id 

that  when  the  corrections  to  the  primary  sub-divisions  are 
large  in  value,  and  irregular  in  sign,  they  appear  in  the 
transferred  graduations  in  the  form  of  errors  of  a  periodic 
character  reduced  in  magnitude.  A  similar  result  was 
found  in  the  original  division  of  a  large  index-wheel  into 
1000  equal  parts.  In  both  cases  a  third  trial  resulted  in 
sets  of  graduations  nearly  free  from  errors  of  serious  magni- 
tude. In  the  case  of  the  meter,  a  fourth  trial  gave  the  fol- 
lowing results  for  the  summed  series. 

Corrections. 


No.  <*;!-.■- 

betfl  ee  n 

No.  <-ases 
iietween 

\n  cases 
between 

No.  rases 

between 

Decimeters, 

0.0/t &  l.u// 
5 

l.0/i  &  2.0/1 

2 

i.O/i&S.O/i 
2 

3  if,  &  4.i>« 
0 

Centimeters, 

58 

27 

5 

0 

Millimeters, 

652 

205 

37 

6 
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A  count  of  the  number  of  relative  errors  in  each  group 
from  which  the  summed  series  was  derived,  gave  856  cases 
in  which  the  corrections  fell  between  0.0/a  and  l.Oy. 

It  may  be  of  interest  to  state  that  the  time  required  for  a 
complete  investigation  of  the  meter  was  about  80  hours. 

It  may  lie  said  thai  the  existence  of  periodic  errors,  as 
.'-how  n  in  the  transfer  of  graduations  from  one  bar  to  another, 
may  have  been  due  to  large  accidental  errors  in  the  compari- 
sons in  the  particular  cases  described,  bul  the  writer  has  ob- 
tained this  result  in  a  very  large  number  of  cases.  In  fact, 
no  exception  to  this  statement  has  so  far  been  noted. 

It  may  be  mentioned  in  this  connection,  that  the  principal 
difficulty  in  making  an  exact  reproduction  of  a  standard 
scale,  lies  in  the  unequal  depth  of  the  cut  of  the  ruling 
diamond  at  relatively  hard  and  soft  places  in  the  metal. 
The  writer  has  yet  to  tind  a  metal  whose  difference  of  density 
at  different  point-  could  not  be  detected  ill  this  way. 

Admitting,  then,  the  existence  of  a(  least  two  of  the 
three  classes  of  errors  described,  it  is  evident  that  their  mag- 
nitude miM  be  determined  before  an  estimate  can  In- made 
of  the  real  precision  of  the  comparisons. 

Two  methods  were  pursued  in  making  this  investigation. 

I.  Tile  results  obtained  by  the  summation  of  the  relative 
errors  of  successive  aliquot  parts  of  the  scale  were  compared 
with  those  obtained  for  the  same  scale,  follow  ing  the  method 
of  observation  and  reduction  given  by  Dr.  Bro<  i;  in  Volume 
V  of  the  Memoirs  of  tin  International  Bureau  of  Weights 
nn, I  Measures.  The  standard  selected  for  comparison  i-  a 
decimeter  upon  speculum  metal,  which  i-  made  the  basis  of 
all  transfers  by  the  writer  to  other  bars  of  the  same  metal. 

Comparisons  were  made  between  the  following  sub- 
divisions : 


10-11 
!»  -  1  1 
8-11 
7-11 

c,  -  1 1 
5-11 
•1-11 
3  -  1 1 


The  absolute  corrections  of  the  millimeter  subdivisions 
referred  to  the  initial  line,  were  then  computed  by  the  ele- 
gant method  given  on  pages  I  -21  of  the   Memoirs. 

The  results  obtained  in  this  way,  together  with  those  ob" 
taineel  hv  the  summation  of  the  relative  error-  derived  from 
the  comparisons,  1-2  2-8.  .  .  .10—11,  are  placed 
side  by  side  in  the  following  table.  The  first  column  of 
numerical  results  contain-  the  deviations  from  an  assumed 
unit  of  c  imparisori.  The  second  column  contain-,  the 
relative  corrections  derived  by  subtracting  tbi    mean  value 

Of   the   corrections    from    each    individual    value.      The    third 

column  contains  the  summed  Bet  ies  obtained  from  the  - 
column.     The  fourth  column  contains  the  computed  results 


obtained  from  the  discussion  in  which  the  method  of  Bbo<  h 
was  employed. 


1  -  2 

2  -  3 

1  -  3 

2-4 

1  -   1 

'_'  -  5 

1  -  5 

2  -  fi 

1  -  6 

2  -  7 

1  -  7 

'2-8 

1  -  8 

2  -  9 

1  -  !• 

2  -10 

1  -10 

•2  -11 

K-I. 

V 

Fr'.in  the 

I  ■ 

2 

—0.5 

—  0.1 

—0.49 

+  0.09 

3 

+  O.II 

+  0.1 

—0.30 

—0.41 

+0.11 

4 

+  0.0 

+  0.1 

—0.20 

+0.18 

5 

+  0.2 

1  0.10 

+  H.14 

6 

+  1.5 

+  1.6 

+  1.7" 

•  1.76 

— 0.06 

7 

—1.5 

—  1.4 

8 

+  0.2 

+  0.3 

—0.12 

9 

—  1.1 

—1.0 

—0.40 

—0.34 

—0.06 

10 

—0.2 

—0.1 

—0.50 

—0.48 

—0.02 

11 

+  0.4 

0.00 

0.00 

Mean 

—0.1 

It  appears  from   this  discussion  that   the  .shorter  method 
gives  results  which   are   practically  identical    with   tllOSi 
tained   from   the   more   elaborate   investigation,   the   a 
difference  being  only  0.09/x.      It  will  be  seen,  however,  that 
the  residual  differences  have  a  periodic  form  ;  a  result  which 
may  always  be  expected  in  any  summed  series. 

II.  If  a  decimeter  scale  is  subdivided  into  10  equal 
part-,  the  summed  series  of  corrections  to  the  centimeter 
subdivisions  may  be  obtained  in  two  ways,  viz: 

By   10  summations  of   the  relative  correction-  to  the 
subdividing  lines. 

(b)  By  a  comparison  of  the  two  halves  of  the  scale,  and 
by  a  subsequent  comparison  of  the  centimeter  subdivisions 
of  each  half,  combined  in  separate  Si 

It  is  the  practice  of  the  writer  to  continue  the  comparison 
of  the  centimeter  -pace-  until  a  substantial  agreement  be- 
tween the  summed  series  at  the  middle  point  ami  the  result 
of  the  direct  comparison  between  the  two  halves  ha-  been 
obtained.  Usually,  from  two  to  three  comparisons  are  found 
to  be  sufficient.  If  English  units  of  length  ate  em] 
several  combinations  may  be  made. 

This    method    of   comparison   and   of    reduction   has 
applied  in  determining  tin'  corrections  of  a  combined  deci- 
meter   -eale   subdivided     to    millimeter-,    and    a    1-inch    scale 

subdivided  to  tenths  of  inches.      The    particular  -eale    in- 
vestigated w  a-  made  for    Dr.  Til  VI  i  \   of  l'p-ala.       It   will  lie 

sufficient  to  give  here  the  Bual  corrections  to  the  41  i 
tin1  English  -eale.  and   the   mean   deviation-  of   these  values 
from    each   of   the    live    combination-    which   were     formed 
These  combinations  were  a-  follow- ; 

Subdivision  into  40  equal  parts. 

Subdivision    into   2  equal  parts,  and  the  subsequent 

livision    of  each    of   the  i'  part-  into  20  equal 

part-. 

(c)      Subdivision    into    I  equal  parts,  and  the  subsequent 

subdivision   of   each  of  the    i  part-  into  10  equal 

parts. 

(<l)  Subdivision  into  :<  equal  part-,  and  tin-  subsequent 
subdivision  of  each  of  the  .">  part-  into  8  equal 
parts. 
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(e)  Subdivision  into  8  equal  parts,  and  the  Bubsequenl 
subdivision  of  each  of  the  8  parts  into  5  equal 
parts. 


The  average  deviation  of  ttie  results  derived  from  differ- 
ent combinations  from  those  derived  from  the  mean  of  :ill 
the  combinations  is  represented  by  the  symbol  A. 


Final 

Final 

Klnal 

Final 

Final 

Spncefl   <  i». 

A 

Spaces 

Comb. 

A 

Spat  i 

Comb. 

A 

Comb. 

A 

Bpacei 

C Ii. 

A 

1     — O.SO/i 

o.oi  i 

:i 

1  0.46/4 

O.Oa/i 

17 

+  1.02/« 

0.08// 

25 

+  0.\S,X 

;;:; 

O.-20/i 

0.06/1 

2     —0.16 

ii. ii:: 

10 

+  0.12 

0.05 

18 

|  0.50 

o.iiT 

26 

i  0.06 

0.06 

34 

-  0.88 

0.05 

3     +0.08 

0.08 

11 

(-0.26 

ii. ill 

19 

+  1.24 

11. IIS 

2  7 

•  0  76 

0.06 

85 

—0.53 

6.02 

■1      +0.24 

u. hi 

12 

+  0.74 

0.12 

20 

+  1.56 

n.117 

28 

+  1.1(1 

0.05 

36 

0.24 

ii. ii;, 

5     +0.68 

n. n:; 

18 

+  0.72 

0.06 

21 

1  1.38 

0.08 

29 

I  0.56 

0.03 

37 

+0.18 

0.02 

6     +H.71 

0.04 

11 

1  0.82 

0,09 

22 

+  1.02 

0.06 

80 

I  0.06 

0.08 

88 

0.34 

n.01 

7      +0.92 

0.06 

L5 

f  0.58 

0.08 

28 

+  1.38 

0.06 

:;i 

-f  0.12 

0.03 

89 

—0.08 

II. Ill 

8     +0.50 

n.117 

16 

+  0.90 

0.07 

24 

+  1.08 

0.07 

32 

+  0.04 

0.03 

10 

0.00 

0.00 

It  appears  from  this  discussion,  that  the  average  deviation 
..i  the  corrections  for  a  single  space,  from  the  mean  of  the 
results  derived  from  the  different  combinations,  is0.1/i,o 
result  nearly  identical  with  thai  found  from  the  first  discus- 
sion. It  seems  s:ife  to  conclude,  therefore,  that  in  the  sum- 
mation lit'  ten  values  of  (R — L)  no  error  greater  than  0A/i  is 
likely  to  occur,  when  tin'  comparisons  air  made  with  care. 

It  is  to  lie  noted  Unit  the  close  agreement  of  the  results  in 
tin'  direct  summation  of  the  millimeter  corrections  with  the 
mean  values  must,  he  considered  as  accidental,  since  ordi- 
narily it  would  lie  impossible  to  make  lo  summations  with- 
oul  introducing  systematic  deviations  of  considerable  magni- 
tude. It  is  doubtful  if  anything  is  gained  by  making  the 
summations  exceed  ten. 

We  are  now  prepared  to  apply  the  method  of  reduction 
indicated  in  this  paper  to  the  values  of  (R — L)  given  on 
page  213  of  the  memoir  by  Mr.  Jacobt.  It  is  to  lie  under- 
stood that  the  designation  "error  of  spaces"  represents 
corrections  to  the  graduations,  and  that  the  term  "total 
error"  means  the  correction  of  the  position  of  eacb  gradua- 
tion referred  to  the  initial  line. 

It  is  obvious  that  the  values  given  in  Tables  1  and  2,  on 
page  243,  represent  exactly  the  cumulative  errors  for  the 
particular  points  selected,  provided  no  errors  of  observation 
exist,  and  that  the  alternate  values  for  the  25-spaces,  should 
agree  with  the  corresponding  values  for  the  50-spaces  under 
the  same  condition.  The  extent  of  the  agreement  will  be 
seen  from  the  following  table.  One  division  of  the  micro- 
meter =  £/i. 


Diff. 

+  1.4div, 

+  0.5 
—1.6 

—  2.!) 
+  2.1 
+  5.9 


Spaces 

Summed  Series 

Summed  Series 

25-Spacea 

50-Spaces 

0—    25 

•+    8.4  div. 

- 

2a  —    50 

+   4.1 

+   5.5  di 

50  —    75 

+  11.7 

- 

75—  100 

+   4.3 

+    4.8 

100—  125 

+  3O.0 

- 

125  —  150 

+  61.2 

+  59.6 

1511—  175 

+  67.8 

_ 

1  75  —  200 

+  72.1 

+  69.2 

200—225 

+  75.8 

- 

225  —  250 

-  1-3.7 

+45.8 

250  —  275 

+  13.9 

- 

275  —  300 

—  5.9 

+   0.0 

300  —  325 

0.0 

- 

Omitting  the  extrapolated  value,  +5.9.  it  will  lie  seen 
that  the  differences  at  all  points  fall  well  within  the  acci- 
dental errors  of  observation  ;  introducing  into  the  photo- 
graphic measures  no  error  exceeding  0".03. 

For  these  particular  points,  therefore,  no  one  will  contend 
that  l  he  cumulative  errors  are  not  fully  taken  into  account. 
The  only  doubt  remaining  relates  to  the  introduction  of  the 
corrections  of  the  5-spaces  given  on  page  2  11.  and  the  sub- 
sequent introduction  of  the  correct  ions  for  the  single  spaces. 
In  order  to  remove  all  doubt  in  regard  to  the  5-spaces,  the 
comparisons  were  repeated  a  sufficient  number  of  times  to 
secure  an  approximate  agreement  of  every  fifth  number  of 
the  65  summations  with  the  values  in  the  corresponding 
25-spaces.  In  order  to  economize  space  in  printing,  only 
the  mean  results  are  given  on  page  244.  This  agreement 
was  found  to  be  fairly  good,  but  not  sufficiently  good  to 
allow  the  use  of  this  series  as  definitive  results.  Greater 
freedom  from  error  was  secured  by  connecting  the  results 
for  the  5-spaces  with  those  of  the  25-spaces,  as  shown  in  the 
following  table.  The  values  for  the  principal  points  are  en- 
closed in  brackets. 


Spaces 

26*Spaces 

5-Spaces 

Sum 

div 

div. 

div. 

0 

11.0 

0.0 

0.0 

5 

+  1.7 

-2.6 

—  0.9 

10 

+  3.4 

-1.2 

+    2.2 

15 

+  5.1      , 

—5.2 

—  0.1 

20 

+  6.8 

+  9.0 

+  15.S 

25 

[  +  8.4] 

0.0 

+   8.4 

30 

+  7.6 

—4.2 

+   3.4 

35 

+  6.7 

—2.9 

+   3.8 

40 

+  5.9 

—6.8 

+   0.9 

45 

+  5.0 

— 1. 5 

+   0.5 

50 

[  +  4.1] 

0.0 

+   4.1 

In  a  similar  manner  the  corrections  for  the  single  space 
were  combined  with  those  for  the  5-spaces.  Thus,  from 
page  245  we  have : 


ices 

5-Spaces 

Spaces 

Sum 

div. 

div. 

div. 

0 

0.0 

1 

—  0.2 

—5.6 

—5.8 

•1 

—  0.4 

—2.9 

—3.3 

."l 

— 0.6 

—  3.5 

—4.1 

4 

—0.8 

+  2.0 

+  1.2 
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Sji;irt.-- 


5-Spaces 

Spaces 

S||IM 

[-0.9] 

0.0 

—0.9 

—0.3 

•'  •> 

— 2.5 

+  0.3 

+  1.4 

+  1.7 

+  0.9 

+  1.0 

+  1.9 

+  1.0 

—3.2 

—  1.7 

[+2.2] 

0.0 

+  2.2 

In  conclusion,  it  maybe  of  interest  to  call  attention  to 
the  fact  that  the  Rutherfurd  scale  was  ruled  with  the  same 
screw  which  produced  the  magnificenl  gratings  made  by 
Mr.  Chapman.  It  will  not  escape  notice  that  perfect  defi- 
nition in  a  grating  is  not   incompatible  with   linear  triors  of 

Colby  University,  Waterville,  Maine,  1892  Oct.  30. 


considerable  magnitude  in  the  ruling  screw,  even  when  they 

have  a  well  defined  periodic  enarai  ti         l  n  »a- 

reached  and  published  by  the  writer  Beveral  years  ago,  bat 

it  found  little  -I  thai  time.     The  same  con 

was  afterwards  reached  from  an  invi 

of  long  period  in  a  series  of  five  gratii  gs  -  writer 

by  Professor  \i<  <wl  \m>.     The  i \  idi  a 

that  the  perfection  of  a  grating  depends  upon  freedom  from 

periodic  errors  introduced  by  single  revolutions  of  the  ruling 

screw,  rather  than  upon  errors  introduced  through  a  I 

of  pitch  in  different  revolutions. 


OBSERVATIONS   OF   COMET  /  1892, 

HADE    VI     VASSAB    COLLEG]     OBSERVATORY, 

By  MARY  YV.   WHITNEY. 


1892  Pougukeepsie  M.T. 

* 

No. 
Comp. 

-* 

o/'<  apparent 

a                          8 

lor 'i       1     (on! 

Nov. 11      11    12  26" 

1 

4 

+  0m36°80 

—3  54.3 

rj  1 1 

+  38     5  32.0 

130      0.012 

16     11     4  44 

2 

10 

—0  41.92 

—2  32.8 

0    12  58.56 

+  37  3  1   52.8 

9.473      0 

18     10  59  59 

3 

;> 

—2  45.70 

—5  37.1 

0  42  33.60 

+  37  22 

0.107 

19       7  33  21 

4 

6 

—0     8.78 

—6  54.1 

0  42  23.41 

+  37   16 

R9.223 

20        7     0  41 

0 

4 

+0  21.70 

+  7  2 

0  42   15.19 

+37   10  24.2 

0.015 

Mean  Places  for  1892.0  of  Comparison- Stars. 


* 

a 

lied,  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

0  44     6.23 

+  2'.  9S 

+  38     9     0.1 

•  26  -' 

W.B.,  O  106 

2 

0  43  37.57 

+  2.91 

+  37  36  58.9 

Lalande  1 

3 

0  45   16.39 

+  2.91 

+  .".7  27  20.2 

w.i;..  0  1116 

4 

0  42  29.29 

+  2.90 

+  37  23  20.5 

+  26.9 

Compared  with  W.H  ,  0  1116 

5 

0  41   47.62 

+  2.87 

+  37     2  28.2 

+  27.0 

W.B.,  (i  1029 

On  Nov.  19  a  star  of  about  10M  was  obsen  ed  «  [thin  the  densest  part  of  the  comet. 


SWEEPING   EPIIEMEKIS    FOR    BODIES    MOVING    IN    THE    BIELA-ORBIT, 

By  s.  C.  CB  \MH.Eli. 


In  view  of  the  possibility  that  then'  may  be  several  com- 
etary  bodies  moving  in  the  orbil  of  Bit  1  i's  comet,  and  the 
importance  of  their  discovery,  I  have  calculated  Ihe  accom- 
panying geocentric  ephemeris of  the  1  rajectory  for  five  dates 
in  December,  eighl  days  apart.  From  these,  if  desired,  thai 
for  any  intervening  date  may  be  interpolated  with  sufficient 
precision  for  sweeping  purposes.  For  convenience  I  have 
given,  in  the  left-hand  column,  the  dates  of  perihelion  pas- 
sage for  a  body  which  may  happen  to  be  found  in  the  posi- 
tions on  the  same  horizontal  line.  The  column  "  Bi 
the  relative  brightness,  on  the  usual  hypothesis,  ex] 
in  units  of  thai  for  an  objeel  at  the  distance  unity  from  the 

BUD  and  the  earth.       A  horizontal  line  is  drawn    in    the    table 
at  abOUl    the    point    where    BlEl   l'S    eoinct    may  itself    be    Stip- 

posed  to  he.  by  a  rude  guess. 


The    hasis   of    the   ephcincris    is    the  orbit  of  MtCHI 

calculated    the    principal    perturbations   to    1866        I    have 
deemed  it  legitimate  to  assume  that  since  that  time  tin 
been  no  considerable  disturbance  mil  that   the 

earth    in   any  of  its  app-      •  y   disturbed 

the    plane   or    the    eccentricity,  or    moved    the  axi-  by   an 
amount  which  will  seriously  affect  the  value  of  the  epl 
for  the  rough  purpose  in  \  iew. 

At  the  point  where  the  paths  of  the  earth  and 
iy  orbit    are  close   to   each    other,   indicated    by   I  hi 

values  of  the  liright  ncss,  the  ephcii II  :  early 

disc,  ml  in  nous,  since  a  bodj  80  sitliati  d  vv  oillc\  ill  a  fevv 

pass  into  the  opposite  quarter  of  tin    -■■        \  though,  from 

the    uncertainty  of   the    elements,  the    real    trajectory 
doubtful  in  such  case.    I   eivc.   for  the  convenience  of  any 


l::  I 
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Iio  may  desire  to  lay  down  on  the  charl  those  port a 

o    i  he  i  rack,  i  be  follow  ing  \  alrii  s  of  1  he 


111  en  riui 

Eqi  a  roai  u.  '  tuiN  m-. 

Before  I  erihelioo  I 

:' 

Ml.  i 

vi  Iheliou  Past 

x                y 

2 

V                 z 

.1 

.-,1 

+  1.0659   •  0.6158    1  0.4290 

—  1.2727 

—0.0397—0.2810 

56 

1 i        .6828 

.421 5 

1.2003 

I  0.0873 

18 

.7730        .7426 

.4096 

1.1 156 

.2131        .1640 

in 

.6120        .7931 

.3925 

1.0175 

.3365        .1023 

.5280        .81  1  1 

.3818 

0.9618 

.3965        .0707 

32 

.4420        .8316 

.3695 

.9030 

.4546        .0390 

28 

.3537        .8454 

.3554 

.8396 

.5107—  .0070 

24 

,2687        .8550 

.3397 

.7723 

.564  1  +    .0250 

20 

.1721 

.3220 

.7HI1 

.6149        .0569 

16 

+   .08(iii        .8598 

,625  l 

.6619        .0884 

12 

-  .0128        .8541 

.2812 

.5  160 

.7n|s        .1,194 

- 

.1056        .8433 

.2581 

.4630 

.7431        .1495 

4 

.1977 

.2332 

.3770 

.77('.:i        .1787 

0 

-0.2882   1  0.8041  +0.2066 

—0.2882 

+  0.8041  +0.2066 

i  kii     I  k  mi a   i>i    Bodies  M"\  ing 


the  interpolati if  which,  with  the  corres| ling  rectangu- 
lar co-ordinates  of  the  sun,  will  furnish  the  desired  places 
mm  readily. 
Bringing  Mn  hi  /'.-  elements  up  to  1893.0,  we  have, 

m  =  223  54.4  logo  =  0.55045 

ft  =  246     8.0  loge   =  9.87650 

»    =     12  22.il  fi  =  580".06 

which  give  the  equatorial  coordinates, 

x  =  [9.99151  ]rsin(  199  32 
y  =  [9.97816lrsin|  105    18  : 
z  =  [9.56360]rsin|  1 10     2.9  •  v) 

Tin-  true  anomaly  maj  be  computed  with  needful  accuracy 
bj  two  terms  of  the  series, 

u  =   V  +  [1.1  :.].•!  +  [2.30    5 

.1  and  li  being  taken  from  Watson's  Table  IX.  with  the 
argument  x  =  I'mikI  P  being  found  from  Table  VI  «itli  the 
argument  M  =  [0.01537]  [t—  T).  All  the  above  coeffi- 
cients are  logarithmic. 

IN    THE    BlELA-ORBIT,    IN    DECEMBER,     1892. 


Per 

1  1     V    1    1     -        "1 

OBSl    i:  \    ITION 

i  Dec.  2.5 

Dec.  10.5 

Dec.  18.5 

1) 

•c.  26.5 

Jan.  3.6 

a 

6 

Bi 

a 

6 

Br. 

a 

6 

Br. 

a 

6 

Br. 

0 

i 

Br. 

li     m 

ii      in 

o      ; 

h       m 

i 

o      i 

o        t 

$<?  29.5 

13  57.7 

—  in   11 

0.2 

Oct     7.5 

13  47.6 

19   18 

0.2 

U    10.2 

—21     B 

0.2 

1 5 . 5 

13  36.9 

19   13 

0.3 

II     0.5 

20  53 

0.2 

11   22.5 

—22  34 

0.2 

23.S 

13  25.4 

18   19 

0.4 

13   511.1 

20  36 

0.3 

11    13.1 

22  30 

0.3 

14  34.4 

—24     3 

0.2 

31.5 

Not    8.5 

17     15 

0.5 

13  39.6 

20  25 

0.4 

11     .-'..l 

22  25 

0.4 

14  25.3 

24    8 

0.3 

14 

15.9 

-•jr.  31 

0.2 

17      7 

0.8 

13  27.2 

19  59 

0.6 

l:;  52.4 

22  21 

0.5 

It   15.8 

24  18 

0.4 

11 

37.1 

25  60 

0.4 

16.5 

11'    16  7 

16  25 

1.2 

13   15.7 

19  42 

1.0 

13    11.4 

22  23 

n  - 

14     5.7 

24   33 

0.G 

14 

28.0 

26  16 

0.5 

24.5 

12  33.1 

15    16 

1.9 

13     2.7 

in  32 

1.5 

13  30  1 

22  35 

1.2 

13  55.3 

25     1 

1.0 

II 

18.5 

26  54 

0.8 

Dec    2.5 

12  19.8 

15    14 

3.3 

12  50.7 

19    11 

2.6 

13   19  2 

23     9 

2.0 

13  45.3 

25  53 

1.6 

14 

9.1 

27  56 

1.2 

10.5 

12     7.1 

1 5     5 

G.fi 

12    Mi.5 

20  35 

5.0 

13     9.9 

24  35 

3.8 

13  36.4 

2.8 

14 

ii  5 

20  45 

2.2 

18.5 

1 1  56  7 

16  21 

454.1 

12  35.5 

23  45 

12.7 

13     6.1 

28    16 

8.5 

13  31.9 

31    II 

13 

65. 1 

33   14 

4.2 

26.5 

12    6.3 

.:i    16 

297  1 

13     2.6 

38  32 

67.9 

13  26.9 

40  10 

29.7 

13    15.0 

in  53 

16.6 

12 

13.4 

45   21 

12.2 

Jan   :;..-> 

23  15.7 

—  0  56 

58.4 

22  34.5 

26   19 

107.3 

20  52.0 

57     6 

107.2 

17  31.4 

67  25 

62.6 

15 

36.6 

62  56 

34.2 

11.5 

23  11.9 

+  3  56 

9.3 

28   1  1  6 

—  3  21 

13.6 

23  12.7 

12  45 

20.0 

23   11'  4 

- 

29.1 

2M 

44.7 

43  32 

41.1 

19.5 

23     1.2 

l   36 

3.4 

23   10.5 

+  0  57 

4.4 

23  20.3 

—  3     3 

5.9 

2::  33.3 

7   45 

6.4 

23 

18  7 

13  35 

11.8 

2 .   . ' 

22  56.3 

l   .in 

1.7 

2   17 

2.0 

23  16.9 

+  08 

2.6 

23  32.2 

—  2      6 

1':: 

50.6 

4  30 

1.3 

Feb     4.5 

22   18.9 

+  4   in 

0.0 

22  58  1 

•>  42 

1.1 

23  50.9 

1   24 

1.3 

23  26  5 

+  0    15 

1.7 

1';; 

16  2 

—  0  4S 

2  2 

12.5 

22  51.7 

+  2  42 

0.7 

23  44.3 

1   54 

OS 

23   19.7 

l    18 

1.0 

23 

37.8 

+  0  54 

1.2 

20.5 

23  31.3 

+  2   14 

0.6 

23  12  6 

1  46 

0.6 

23 

30.0 

1  43 

0.7 

28.5 

23     .Vi; 

+    1   54 

0.4 

23 

22.3 

2     4 

0.5 

Mar    8.5 

23 

14.9 

+  29 

0.3 

OBSERVATIONS     OF     COMETS. 

MADE    AT   THE   SCHOOL    OF    SCIENCE   OBSERVATORY, 

By  T.   REED. 

[Communicated  by  Professor  Young.] 


1892  Greenwich  M.T. 


No. 
Comp. 


#- 


Ja 


JS 


's  apparent 


IOC 

for  a 


I     ford 


Jan.  31 
Feb.  17 

14      9      0 
14   2  7  33     : 
14   25  26     i 

1 

2 
3 

Sep.  25 
28 

13    11   23 
15  26     6 
15  49  36 

4 
5 
5 

Wolf's  Periodii    Comet. 

-l'"-.'ii.."ii'  +6  35.1        4  28™  25*15 

-i»   15.97  +7  38.8        1   45     G.17 

-1   36. G9  +1    14.6  !     4  45     5.88 


Comet  a  1892  (Swift). 


— 0  53.(10 
+  0   21.79 


-2      4.7 


+  0     3.0 


ii    in   21.78 
0     6  48.10 


—  9   51      1. 

—  6  59   26. 

—  6  59  25. 


+48    19  55.5 


9.218 
9.449 
9.442 


H9.285 


+  48 


1.1 


0.824 

0.798 


9.409 

/(0.052 


N°  281. 


Til  E     ASTRONOMICAL    J  01    R  N  A  I.. 


Mm,,    /'/(ins  for  Is'.rj.o  of  Comparison- Stars. 


* 

a 

Red.  i" 
app.  place 

s 

app.  place 

Authority 

1 

2 
3 
4 
5 

4  29  45.46 
1   45  22.12 
1    16    12.55 

0  11    ll.s:, 
0     6  23.24 

+  0.214 
+  0.018 
+  0.024 
+  2.935 
•  2.929 

—  9°  57  32.0        —  4.2*         Paris  5276 

—  7     7     1.3        ■ —  4.17        Schjellerup  1556 

—  7(»  46.3         —  4.12         Weiss'e's  1 ;.  r--.  t  IV.  979 
+48  .".1   43.0     i    +17.21         Paris  221 

■   18      1    10.6     i     4  17.17         Bonn  47°22 

The  observations  were  made  with  the  91-inch  equatorial. 

For  Wolf's  comet  tic  square-bar  micrometer  was  used;  for  Swift's  the  ring-micrometer. 


RltfG-MTCROMETEE   OBSERVATIONS   <)F   COMET  /  1892    bolmbs), 

HADE    Willi    Till',    lllllll.lil  I'llli    13-INCH    EQUATORIAL    "1     COLUMBIA    .'.Ml.. I    OBSERVATORY, 

By  J.  K.   BEES  am.  HAKOLD  .1  ICOBT 


1892  Col.  College  M.T. 

* 

No. 
Comp. 

- 
Ja 

-* 

/S 

a 

apparent 

8 

- 

PA 

ford 

Nov.  16     10  20° 51 
10  25     6 

20       6     5     5 

6   17   17 

1 
1 
2 
2 

5 

7 
3  ,  3 
3  ,  3 

—4(i.l'i 
+26.30 
+  24.93 

—2  25.1 

+  6  58.2 
+  6  58.5 

h         ni 

0    13     0.74 
ii    12   16.80 
ii    12    15.43 

:;7  3 

.",7     :>  .",:'...". 

«9.547 

9.666 

ii.llii 
0.102 

i:    - 
l:     - 
R     - 
Jacob; 

Mean  Places  fur  1S02.0  <f  Comparison- Stars. 


* 

lied,    to 

a                 app.  place 

8 

Red.  i.. 
app.  place 

Authority 

1 

2 

oWss^o          +  2*.91           :;7  36  56  9 
0  41  47.63          +2.87            :'.T     -J    28.3 

+  2C..7         Paris,  U020 

+ -J7.H         Weisse's  Bessel,0  1029 

Nov.  l.;.    The  comet  appeared  much  fainter  than  on  Nov.  11. 

Nov.  20.  The  diameter  of  the  coma  appeared  to  be  about  15'  in 
a  north  an. I  south  direction.  The  coma  extended  toward  the  west 
about  i;'  from  the  nucleus,  ami  toward  the  east  about  12'.     a  faint 

Columbia  College  Observatory,  New  Fork,  1892  Nov.  23. 


tail  was  notice. 1  on  the  east  -Lie.     The  nucleus  was  s ewhat  elon- 
gated in  tin-  east  ami  wot  direction. 

Mr.  .M.iMii.,    Assistant  iii  the  Observatory,  aided  in  thi 
tions  of  the  above  observations. 
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OBSERVATORY    "1      I  III     CATHOLIC    UNIVERSITY    01      Oil  Kl.    v 

r.v  Rev.  G.   M    SI   IRL1 


1892  Green 

wich  M.T. 

* 

N... 

Comp. 

-* 
Jo.        |        JB 

-  apparent 

a                       8 

tor .' 

Nov.  in 

21     9'  '-' 1 

1 

1 

+   0  59.65 

+   0  89.0 

0    1 5 

1  :;.s    in   16.6 

21      9   21 

2 

1 

■    0  54.78 

+   2  22.5 

0  45     -     ■ 

1     '.'.1: 

'.'.7.'.  7 

11 

1  1    2;;      7 

1 

•_> 

+   0    10.30 

—  3     1.."- 

11    II    19.31 

..           .4            .. 

■> 

•_> 

+   0  35.24 

—   1 

11    II    19.00 

18 

1;;  88   12 

■■; 

5 

—  2  59.48 

—  .",  56.7 

ii    18  59.98 

1    11.2 

16 

18  52  46 

1 

3 

+  12    10.58 

-  :;  7.7  1 

1.36 

1.")      7    I'.i 

5 

•_> 

-    18.99 

1   24.7 

2.26 

9.241 

18 

l;;  86  88 

5 

1 

+   9  51.80 

—  .". 

11    12  85.07 

22    14.5 

21 

13  ."'1  27 

6 

4 

—  •'■ 

+  1.".  28.2 

1'   12     7  08 

186 
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Ai/ojded  Mean  Places  J", ■  Is'.rju  ,,/   CotnparisonrStars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  i" 
:il>l>.  place 

Authority 

1 

ii    14     5.83 

+  2*98 

+  88     9   11.5 

4  26.1 

( Comparison  with  Yarnall  150 

2 

ii    I  I    [0.78 

+  2.98 

4-  88     7  20.9 

+  26.2 

Comparison  with  /*  Androm.  (Am.E| 

In-ill.) 

8 

ii    16  .'if..  18 

+  2. '.IS 

+  ."7  57    1  1.5 

1    26.4 

Yarnall  150 

•i 

ii  SO   17.99 

+  2.79 

4-  37  89  26.8 

4-  26.8 

Varnall  28] 

5 

0  32   H».  17 

4-  2.80 

+  37  25  84.3 

4  i'7.o 

Yarnall  308 

6 

0  47  82.20 

4    2.9J 

+  36  50     0.9 

+    27.] 

Yarnall  4o6 

16s. 35 


<V  =  +17°  58'  39".0 
18°  35'  5y".4 


(C— O)    /;.  ens,;,  —11"  ;    JJ,  4-3".    Id  following  ephc 
brightness  Nov.  l'.i  =  1. 


COMET  g  1892  (bsooks  . 

Prof.  Porter,  of  the  Cincinnati  Observatory,  has  communicated  two  late  positions  of  this  comet 
observations  will  be  given  in  the  next  number. 
1892  Nov.  29,     17"  3«"'  23' Cincin.  M.T.  «  =  13"  11" 

30,     17"  .-.l1"  23'  13h   13"' 

Dr.  Chandler  lias  computed  Elements  and  Ephemeris  as 

follows  : 

Elements. 
T=  1893  Jan.  7  67258  Gr.  M.T. 
w=    81°     7'     2".6) 
&  =  183     29     13  .8  [  Eq.  Nov.  26.5 
i  =141     18     0.1) 
log.  q  —  0.0951  I  1 

Computed    from    positions    Nov.  21,   22,  21,    29,    30,  at 
Cambridge   and   Cincinnati.     Deviation   for   middle   place, 


Tlie  details  of  the 


logj>  /  n9.525 

«9.531 


0.576 
0.569 


Ephemeris  for  Greenwich  M 

IDNIOHT. 

App.  a 

App.  6 

IorA 

Br. 

892  Dec.     7..". 

13  26  17 

+  23   23 

0.1155 

1.79 

11.5 

13  36  20 

27      7 

.0764 

2.21 

15.5 

13  48  49 

31   38 

0.0354 

2.7."j 

19.5 

14     5     4 

37     5 

9.9937 

3.41 

23.5 

14  27  22 

43  34 

.9538 

4.18 

27.5 

15     0  24 

50  56 

.9191 

5.30 

31.5 

15  51   38 

4-58  36 

9. 8939 

5.66 

NEW    ASTEROID. 


A  communication   from  Prof.  Kreutz  gives  notice  that  Dr.  Wolf,   at   Heidelberg,  had  discovered  upon  his  photo- 
raphic   plates   of   Augusl    another   new   planet,   of   the   twelfth   magnitude-. 

/,.    1892  Aug.  23  12"    5"'  3'Greenw.M.T.         App.  a  =  23"  23'"  53\53  App.  8  =  —7°    3'  31".9 


29   11    52    5 


23    20    35  .68 


•7   30    11  .9 


The  following  names  have  been  assigned  I"  asteroids  previously  discovered: 


311. 
312. 
320. 
325. 

326. 
330. 


Charlois, 

(    II  iRLOIS, 

Palisa, 

Wolf, 

Palisa, 

Wolf. 


1891  dune  11, 
Aug.  28, 
Oct.    11, 

1892  Mar.  18, 
Mar.  19, 
Mar.  28, 


(  '/ilnllill, 
J'irn-i  till  , 

Katharina, 
Heidelberga, 

'J'ii  inn  rn , 

Ilmatar, 


J.J.  XI.     18 

48 

"  64 

160 

160 

168 


NOTICE. 


If  any  readers  of  the  Astronomical  Journal  know  of  unpublished  measures  of  the  double  star.  70  Ophiuchi,  or  of  measures  published 
in  unusual  places,  1  should  be  pleased  to  hear  from  them.      To  those  who  maj  be  interested,  I  will  send  a  list  of  the  measures  1  have. 
P.O.  Drawer  8,  Hartford,  Conn.  A.  1).  KISTEEN. 
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OBSERVATIONS   OF    MARS   AM)    IMS   SATELLITES, 


MAIM.    Willi     Mil     36-INCH    BQOATOWAL, 

By  \v    \v.  C  IMPBELL. 


My  observations  of  Mars  at  the  opposition  jusl  pa>~c<l  were 
made  between  .Inly  10  ami  August  17.  ami  in  connection 
with  those  made  by  other  observers.  While  special  attention 
was  paid  to  the  surface  features  of  tin-  planet,  micrometer-ob- 
servations of  the  satellites,  of  tin-  south  polar  cap,  ami  of  the 
axes  cii  Mars,  were  made  whenever  there  was  an  opportunity. 

The  satellites  were  usually  easily  visible,  ami  in  observ- 
ing them  it  was  not  found  necessary  to  reduce  the  lighl  of 
the  planet.  The  observations  of  July  10  were  made  with 
reference  to  the  estimated  center  of  .Ums.  but  the  circum- 
stances were  very  unfavorable,  and  the  results  ate  only 
approximate.  The  other  measures  of  distances  were  re- 
ferred either  to  the  preceding  or  to  the  following  limb,  and 
wi  ie  usually  made  by  the  method  of  double  distances,  though 
the  reductions  have  been  made  on  the  basis  of  single  dis- 
tance. The  observations  have  been  corrected  for  differ- 
ential refraction,  for  the  observed  semidianieter  of  the 
planet,  and  for  phase.  The  results  are  given  helow.  Com- 
parisons with  the  Nautical  Almanac  places  show  that  the 
corrections  to  the  ephemerides  arc  very  small. 

Position-Angles  oi    Phobos. 
Pac.  simulant  Time 

July  10   1  I 'is'"-" 
1 1  .72    - 
53    - 


.luiv  r, 


An-.  2 


Aug 


July  .', 


An-.  2 


Aug. 


M 

1  I  55 

12  -Mi 

12  .71 

I-.'  .".l 

:>  n 

'.i  12 

:i  13 

9  t  I 

9  1.". 

9  in 


268.3 
268.2 
268.3 
266.90 
266.50 
265.70 
93.93 
!tl.-.':; 

93.13 
92.13 

27::.:;:; 


Pac.  Standard  Time 

1893      .1         li  in 

\.:'      7      9  20  i 

9  -jo  ;,  i 

'J  21  li' 

:i  22  13 

:.l  1  13  52  28 

13  53  39 

13  -M  32 

13  55  25 
;.16  13 

13  m  ll 

13  17  16 

13  18  11 

IS  19  8 


An 


All] 


Pos h-Angli  s  hi    D<  imos. 


I  i    tl 
nil 

II  .71 
10   l  I 

10    l  I 
10    1.7 

10   16 
9    19 


16 


28  1.17 

281.47 

88.92 

89.12 

95.22 


An-.  7  9  50 
!l  .71 
:i  51 

Aim.  1.7    13  53 

13    .77. 

13  56 
13  56 

13  7  7 


Pg 
273.03 
273.13 
272.83 

272.7:1 
76.32 
74.92 

77.12 
77.7  2 

2  Ml.  22 

285.52 
285.02 


95.02 

279.1  I 
279.81 
279.41 
278.6  I 
278  7  1 


1)1^ 

incks  "i    Phobos. 

Pacific  Standard  Time 

Dist.  from 

Dist.  from 

l)i~t.  from 

1892 

prec.  limb 

foil,  limn 

July    1"    li 

1    1      .7'.!       - 

30.13 

1.7      0    - 

July   2  7   12  7,:;  :;:t 

19.86 

32.44 

12    .7  1    7  7 

19.61 

32.19 

12    56    1 1 

19.15 

31.73 

12    Os    2  1 

18.69 

81.27 

13      1    -71 

18.37 

13     3    l  1 

18.10 

- 

13       1     12 

44.03 

31.35 

13     6    '1 

13     7  2  1 

12.07 

13     8  2  7 

12.07 

13   12   10 

II.20 

13   12    16 

-12.10 

2:'.  12 

13   13  22 

111  7 

28   7  7 

13  14      1 

41.17 

28.  i:' 

Aug.  2      :<    17  7:' 

20.71 

9    19    Mi 

:;;;.. -,s 

:i  ,-,n  38 

21.32 

::4.o7 

'.'  .71   42 

HI.  si 

9  52   1  1 

:;:'..  71 

'.i   .72   .7  7 

17.17 

.'.  1.12 

\i   .7  1    80 

16.85 

34.10 

9  56     1 

47.04 

:>  56    17 

16.81 

0   .77    12 

47.12 

34.37 

9  58     1 

17.07 

17.0.7 

'.<  5  l 

2  1.21 

59    19 

21.7  7 

lo     2   ■■•> 

22.19 

10     :;   18 

21.93 

lo     ,;  :;.-. 

34.61 

lo        - 

lo      VII 

.".7.12 

\        7      :<  2  1   i  ; 

16.18 

U    27       '.' 

16.01 

6    11 

15.81 

'.<    2  7    12 

1  1.76 

'.'    I  - 

17.21 

-  ;.  i 

'.'   2 

'  ::7 

I0.07 

9  :il    27 

11     .7(1 
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Pacific  Standard  Time 
1892 


prcc. 


i  rora 
limb 


Aus 


15 

:; 


Aui 


Am-. 


7  9  32  28 

9  35  1 1 

9  35 

9  37 

9  10  15 

SI  in  17 

9  11  33 

9  I  I  6 

9  15  12 

'J  15  13 

'.i  16  10 

•J  n;  .",7 

9  17  25 

9  17  15 

1  I    13  57  16  - 

13  58  3 

13  58  29 

13  58  19 

13  59  M 


Dist  from 
r»n.  limb 

39.58 

38.20 
37.54 
36.96 
36.82 


I  I 

1  I 

16    13 

13 


ii  15 

1  17 

51  52 

>2  12 


13  53  13 

13  54  23 

13  .".I  56 

13  55  37 

13  56  13 

13  57  17 

13  58  24 

13  58  16 

13  59  26 


10.12 
9.95 

10.10 
9.62 

10.05 
9.4  I 
9.53 


33.76 

34.30 
15.37 
1  1.83 
15.37 
15.51 
16.11 
16.46 


Dial   from 
centei 

26.79 
25.27 
25.71 
25.41 
24.75 
24.17 
24.03 
22.91 
22.74 
22.89 
22.41 
22.84 
22.23 
22  32 


10.62 
9.63 
9.91 

10.00 


10.99 
10.59 
10.79 

40.97 
11.18 


27.74 
27.20 

27.74 
27.88 
28.48 
28.83 
•28.80 
28.40 
28.60 
28.78 

28.99 


The  diameter  of  Mars  was  nol  measured  on  August  2; 
but  the  observations  of  that  evening  are  satisfactorily  re- 
duced by  using  :t ii  assumed  diameter  25".50,  obtained  from 
the  measures  of  August  7  by  subtracting  the  computed 
change  of  diameter  during  the  interval. 

The  observations  of  August  14  could  uot  be  completed  on 
account  of  clouds  ;  but  a  satisfactory  reduction  is  made  by 
taking  the  mean  of  the  two  sets  of  observations  properly, 
and  applying  the  correction  — 0".07  for  phase.  Thus,  al 
Pacific  Standard  Time  August  14J  13'  59m  23  the  corrected 
distance  from  the  center  was  21". 91. 

Distani  es  of  I>i  imos. 


July 


dard  T 

me 

l)i~t.  from 

Dlst.  from 

Dist.  from 

12 

prec.  limb 

foil,  limb 

center 

1  I  :>:'" 

14 

58.58 

71.16 

1  1   55 

9 

58.23 

70.81 

1  1   56 

34 

59.10 

71.68 

1  1   58 

21 

60.17 

72.  7. "i 

l  I   59 

34 

59.49 

72.07 

1 5     0 

2  1 

59.69 

72.27 

15     1 

1  1 

84.90 

72.22 

15     2 

7,1 

84.94 

72.20 

1 5      1 

1 

85.00 

72.32 

15     6 

4 

85.89 

7."..  21 

1 5     6 

59 

85.26 

72.58 

15     7 

39 

85.58 

72.90 

1 5     9 

54 

85.49 

72.81 

Pa<  Hi.    Mam lard  Time 
1892 


Am. 


Aug. 


Aus. 


18  17 

18  .',1 

19  26 

20  10 

21  8 

21  29 

22  5 

23  19 

■j  i  28 


10 

24   .v.i 

10 

2.".   25 

1(1 

:r,     ., 

10 

.7   17 

10 

27  36 

HI 

2  7  56 

'.i 

.".3   2  7 

9 

:,i   10 

9 

55   13 

9 

56   17 

9 

56    19 

:i 

.'.7    19 

:> 

58    16 

9 

os  38 

:i 

58  51 

9 

59  31 

10 

1   37 

1(1 

2    23 

10 

2  39 

10 

3     3 

10 

3    1^ 

10 

3  51 

10 

4   2-"> 

10 

7,    12 

10 

5  38 

lo 

6     5 

10 

6  7.1 

10 

7  15 

10 

7  27 

5  14 

1    23 

14 

2     3 

14 

2    .".1 

14 

3    10 

14 

3    31 

14 

4     9 

14 

1   38 

14 

5    13 

14 

7   12 

14 

8   14 

14 

10   4  2 

14 

1  1    20 

14 

1  1     1 0 

14 

1 2     2 

14 

13     9 

14 

13.   4(1 

14 

14    41 

14 

15   15 

14 

16  39 

14 

17  18 

Dist.  from 
prec.  limb 


98.51 
98.20 
97.97 

98, 5  5 
98.46 
97.88 

'.'7. 7o 


96.21 
95.77 
96.18 
96.57 
96.29 


96.74 
96.71 
96.81 
96.54 
96.76 
96.66 
97.06 
66.34 
OO.ol 
65.87 
66.34 
66.09 


68.13 
07.73 
67.45 
68.02 
67  93 


Dist.  from 

foil.    Ii 

72.38 

72.13 

72.67 


r2.82 
F2.33 
F2.17 


70.70 
71.39 
71.23 
71.19 
70.60 
71.17 
70  96 
71.32 
71.09 
71.11 
71.21 


91.50 

:H.4:! 
91.28 
91.40 
91.73 
92.40 
92.63 
92.38 
K2. 23 
92.27 


Dist.  from 

■  enter 

- 
85.18 

-...!.• 
85.76 
85. 15 
85.22 

■so.  7  7 

85.71 
85.18 

85.08 
34.92 
85.02 
83.42 

83.39 
83.78 

83.49 
84.18 

si. 1  12 

S3. 39 
83.96 
83.75 
84.11 

83.90 
84.08 

83.95 
83.92 
84.02 
83.75 

83  '.'7 
83.87 
84.27 
78.70 

78.37 
78.28 

78.70 
78.45 
7'.'. 30 
7:'.2.; 
79.08 
79.20 
79.53 
80.20 
80.43 
80.18 
80.03 
80.07 
80.49 
80.09 
79.81 
80.38 
80.29 


In  reducing  the  observations  of  August  2,  the  assumed 
value  of  the  diameter  of  Mars,  25".50,  was  used,  as  in  the 
case  of  the  observations  of  Phobos. 
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Eclipse  oi    Phobos. 

The  disappearance  of  Phobos  by  eclipse  was  observed  to 
occur  suddenly  at  1892  July  20"   i:;"  30™  1  I  ,  Pacific  - 
aid  Time., 

Diameters  oi    Mars. 

The  diameters  of  the  planet  were  measured  on  several 
occasions  by  the  method  of  double  distances,  principally  for 
the  purpose  of  obtaining  the  data  required  in  the  reductions. 
The  results,  corrected  for  differential  refraction  and  for 
phase,  are  tabulated  below.  They  are  systematically  about 
I".-.'  less  than  the  values  given  in  the  Nauticcd  Almanac,  and 
about  0".8  greater  than  the  results  of  the  best  heliometer 
determinations. 


Pacific  Standard 
Time.   1892. 


.Ink   20 


15.2 

12.8 
12.5 
13.3 
13.4 

in. I 
I  t.8 
13.8 
12.1 
13.2 


Polar 
Diameter 

24.36 
24.79 
25.10 
25.37 
25.22 
25.52 
25.59 

25.18 
24.97 


No. 
Obs. 


Bqnatorial 
Diameter 

24.62 
24.95 
25.36 
25.21 
25.34 
25.52 
I'."..  Tii 
24.74 
24.77 
24.98 


No. 
Obs. 

:; 

3 
3 
3 
3 
3 
."> 
3 
5 


Po8ition-Angli  -  "i    im    Axis  "i    M 
The  position-angles  of  the  axis  of  Mars  wei 
by  two  methods:   (a)  by  passing  the  two  mien 
through  the  extremities  of  the  polar  cap  in  such  :i  dii 
that   they  cut   equal   segments   from  the   two  limbs  of  the 
planet;  and  (&)  by  placing  the  wir<  orthern 

i  dgi  of  the  polar  cap  and  at  right  angles  to  the  line  drawn 
from  the  centei  ol  the  cap  to  the  center  of  thi 
results  are  given  in  the  table  below.  Compared  h       M 

computed  values,  the  avi  Lion  — c i- 

putation  )  is  — 0°.  16. 


Pacific  Standard 
Timi 

ti  i, 

July  11  12.2 

11  13.5 

13  15.1 

17  12.0 

18  12.6 
18  12.7 
20  15.0 
•-'I  12.7 

July  30  13.0 


p 

Meth. 

Standard 
Timi 

July  30 

a 

31 

13.3 

359.4 

a 

31 

13.5 

a 

10.2 

1.6 

b 

1  1.8 

1.0 

a 

16 

12.0 

-  - 

b 

16 

12.5 

358.0 

u 

17 

3.1 

."..".7.7 

b 

Aug.  17 

13.2 

8.5 

Mi.  Hamilton,   1892  November  21. 


OBSERVED    MAXIMA    OF    LONG-PERIO] 
TO   THE   PUBLISHED    ELE 

llv    PAUL    S. 

;>r,7.">  V  ( 'oronae. 
Six  observations  of  V  Goronae,  from  1892  May  '-'7  to 
July  30,  appear  to  indicate  :i  maximum  about  July  11,  the 
highest  observed  light  being  8M.2,  on  July  15.  The  time  of 
maximum  is  uncertain,  on  account  of  a  bad  gap  in  the 
series,  but  the  indications  are  that  the  maximum  cannot  have 
hern  later,  nor  many  days  earlier  than  the  date  given. 

.".77D     /,'  //.  rculis. 
Twelve  observations  of  this  star,  from   1892  April  28  to 
July  80,  show  a  maximum  to  have  been  passed  June  16  ;  the 
stai  was  quite  faint,  not   rising,  according  fo  mj  estimates, 
above  9\0. 

5950      WHerculis. 
I   have   thirteeu   observations  of  WHerculis,  from   1892 
April  24  to  August  18.     These  shew  a  maximum  of  8". 2  to 
have  occurred  on  June  -'  l . 

5955     R  Draconis. 
fourteen  observations,  from   1892  July  15  to  October  19. 
A  maximum  of  7". 8  is  indicated  on  Septembei  80. 

Dorchester,  Muss..  1892  Nov.  19. 


)    VARIABLES,    Willi    A    <  ORRE<    N<>\ 
MENTS   OF    A  HERCULIS, 

VKMIKI.L. 

68  I:'      /,'  .1 

l-'i 1892  August  13  to  September  25,  I  observed  this 

star  twenty  times:  :\  maximun  -  indicated  on  Au- 

gust 19,  followed  by  a  secondary  maximum  of  6". 4  oi    H 
tember  8,  the  star  ba\  ing  fallen  during  the  inten  alt.,  '. 

7431      S  /'•  Iphini. 
1  liave  twenty-five  observations  of  -s  Velj  '•■■  it,  from  1892 
.Inly  1 7  to  November  8  ;  these  indicate  that  a  niaximura  oc- 
curred about   August  26,  though  from  the  extreme  ft 
of  the  light-curve,  the  date  is  difficult   !••  determine  with  ex- 
aei  uess,  and  may  have  been  a-  late  as  September  I . 

.   i 
Nineteen  observations,  from   1892  July  17  to  Octobei  10, 
bIiow  a  well-defined  maximum  of  8".  1  ou  Septembei  i 
star's- light  had  fallen  to  9".0  when  last 


t  ORRI  CTION    i"    mi     l.i  I  Ml  Ms   01     \  // 

The  writer  desires  to  call  attention  to  an  error  of  tran- 
scription occurring  in  his  elements  of  X  II-  rctt/fa,  published 
in  this  Journal,  on  page  90  of  the  cm  reut  volume,  by  whi<  h 
the  date  of  the  principal  Epoch  of  Maximum  is  giveu  as 
1890  .Inne  •.'•.'. 7 :  this  should  lead   1890  June  29 
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RING-MICROMETEK   OBSERVATIONS   OF   COMETS, 

MADK  A :  OBSERVATORY  Ol     niR  CAT] C  UNIVKK6ITY  Ol     LMRRICA. 

liv  1:1  ■.    G    M    BE  \i;u 


1892  Greenwich  M.T. 


No 

Comp. 


)a         I         J8 


''a  apparent 


for  .1 


Mar. 


Apr. 


22   10     -1 
21   44   42 


21    34    12 

20  51   49 


1  1 


.<.. 


May 


20  S?   18 

20  88  36 

1     -.'it  5  36 

5     20  22     0 


1 

•> 

6 

8 

2 

1 

1 

a 

3 

6 

4 

8 

5 

9 

a 

10 

s 

Sep.  16     20  52  36 

21     5   18 

23     20  52   18 

28     20  43  4i' 
Oct.   16     21    Id  55 


i  h\ii. i  a  1892  (Swu  i 

—  5  11 

5  54 

—13  .VI 

+   :;  in 

+   4  0 

+    2  36 


(i  21.9 

— 

1     6.7 

+ 

(>  26.0 

— 

:;   26.0 

— 

2  45.3 

— 

8    18.5 

+ 

1   26.0 

+ 

1    '.'4.1 

— 

(i  28.4 

+ 

1    14. 5 

9 


+  3 

—  3 

—  4 


22 


23.5 

—28     9    15 

/<!(.. "it;  l 

0.858 

3.9 

—27   18  -.'1 

n9.602 

0.839 

17.8 

—  17  4  1   20 

n9.551 

0.825 

22.5 

—  10  27    1  1 

n9.584 

0.789 

59.9 

+    2     2    12 

«9  622 

0.734 

59.8 

+   2     2    15 

«9.622  i 

0.734 

82.3 

+    I     5   14 

H9.6I7 

0.724 

30.8 

+  !  1      8  50 

n9.€40 

0.673 

34.6 

+  23   16   12 

n9.679 

0.631 

30.9 

+  23  56    19 

/,'.!.  670 

0.605 

(  omi  i  •/  1892  (  Br cs.  i 


11 

o 

12 

:; 

13 

:; 

14 

1     15 

3 

5 

—  1  1.22 
+  1  29.67 

—  1  26.30 

—  6  58.13 

—  3  37.24 


—  1 

24.0 

—  0 

29.0 

+  11 

25.5 

—  3 

54.0 

—  12 

3.3 

6  18   16.86 

6  18    17.63 

7  7    17. Mi 

7  •_'■_'    19.76 

8  19  37.25 


•  29  38  26.9 
+  29  38  '-".'.7 
+  28  16  35.3 
+  27  I  20.3 
+  •.'()  35   13.8 


k9.565 
&9.570 


0.397 
0.373 
0.410 
0.439 
0.507 


Mean   Places  for  1892.0  of  Comparison- Stars. 


8 

Red.  to 

* 

a 

app.  place 

app.  place 

Authority 

1 

19   17-46.15 

—  0*73 

—  28 

4 

25.8 

—    5.6 

Arg.  Gen.  Cat.  26570 

■> 

19  23   11.33 

—  0.78 

—  27 

12 

21.1 

—    6.1 

26682  pr. 

3 

20     0  52.50 

—  0.65 

—  17 

:;ii 

17.8 

—      8.7 

Lamont  22989 

4 

20  39  49.18 

—  0.64 

—  10 

30 

11.1 

—  10.2 

Yarnall  9271 

5 

21    24   45.81 

—  0.59 

+     1 

58 

54.0 

—  12.2 

Albany  Zones  7."M  9 

6 

21   25    18.86 

—  0.7)9 

+     2 

(t 

21.0 

—  12.2 

••       7523 

7 

21   28     6.90 

_  0.58 

+     4 

7 

.".  1 . 1 

—  12.4 

7537 

8 

22     5     7.27 

—  0.54 

+    14 

."> 

57.3 

—  13.2 

Glasgow  5717 

9 

22  44     3.48 

—  0.51 

+  23 

19 

29.1 

—  13.1 

Weisse's  Bessel  XXII,  986.  987 

10 

22  44  46.89 

—  0.50 

+  24 

1 

53.7 

—  13.0 

Yarnall  (/x  Pegasi) 

11 

6  49   16.53 

+  1.55 

+  29 

39 

17.0 

+     .",.4 

Weisse's  Bessel  VI,  1395 

12 

6  40  46.89 

+  1.57 

+  29 

38 

a  5 . 1 

+     3.6 

••     1347 

13 

7     9   12.57 

+  1.62 

+  28 

."> 

6.9 

+     2.9 

Yarnall  |  53  67<  minorum  ) 

14 

7  29    16.22 

+  1.67 

+  27 

8 

12.4 

+     1.9 

Yarnall  (  u  Oeminorwm  ) 

15 

8  23   12.63 

+  1.86 

+  20 

17 

17.3 

—    0.2 

Yarnall  3486 

REPORTS   OF   THE   PARTIAL   ECLIPSE   OF   THE    SIX    OF   1892  OCTOBER  20, 

[Transmitted  by  Capt.  F.  V.  McNair,  Superintendent,  Naval  Observatory,  Washington,  D.C.] 


The  following  observations  of  the  partial  eclipse  of  the 
sun  of  1892  October  20,  have  been  received  at  the  Naval 
( Observatory,  in  response  to  a  circular  requesting  that  obser- 
vations of  the  above  phenomena  be  made  and  forwarded. 

Prof.  Frishy  has  collated   these  reports,  as  shown    in  the 


following  table,  and  has  also  computed  the  Greenwich  mean 
time  of  first  and  last  contact  at  each  station  from  which  re- 
ports have  been  received.  The  difference  between  the  ob- 
served and  the  computed  times  of  contact  is  shown  in  the 
column  headed  () — C. 
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Ml 


No 

( observer 

Stal  ion 

Latitude 

Longit. 

Dlam 
obj. 

I'.IH- 

time 

Computed 
time 

■ 

Mr-i  cont. 

1 

R.  L.  Hoxie 

Willet's  Pt.N.Y. 

in  17  22 

•"1 . 5 

96 

1.     in     • 
5    6  12.9 

5 

•> 

Mis*  Whitney 

Vassar  Coll.  Obs. 

■11    11   L8 

7:;  53  24 

12 

100 

5    5  17.6 

."1 

1  13.3 

- 

3 

.M  iss  <  J  rant 



11    11    18 

7:1  53  2  1 

6 

60 

5     l  10.6 

5 

1  13.3 

8  •"-  18.3  8  ■"-  21.1 

-1 

Miss  Bartlett 

Lancaster,  Pa. 

11    11   18 

In    :; 

7:1  53  2  I 
76  19  15 

3 

II 

60 
187 

8  5    0.3  8  ■"■  21.1 

5  1  J.  E.  Kersbner 

5     l  19.7 

■'• 

1     1.8 

1-17.9 

6 

.Instill  Stalin 

Baltimore,  Md. 

39  17  48 

76  36  1 5 

- 

- 

."1    5  12.0 

0 

5    5.8 

8  5  15 

t 

Rev.  G.  M.  Searle 

Catholic  Univ. 

38  56  15 

77     11     11 

9 

50 

5    ■"■  31.0 

■  > 

+    7.2 

8  ."■  15.0  8  5  54.1 

8 

11    L.  Baldwin 

Geo!.  Sin  .  ( >ffice 

38  53  10 

77     2 

1.2 

■in 

■  > 

5  25.0 

9 

Prof.  E.  Frisby 

OldNaval  Obs. 

38  53  39 

77    3    6 

4 

175 

;,    5  35.8 

5 

5  23.4 

+  12.4 

10    Prof.Wm.Harkness 

New  N:i\  al  « >bs. 

38  55  18 

77     1 

3 

..    .1  25.8 

■  1 

5  18.9 

8  5  17                    —   1.5 

1 1     Prof.  J.  R.  Eastman 

New  Naval  OI>s. 

38  55  1  8 

77     1 

3.25 

lull 

."»    5  22.1 

■  1 

5  18.9 

8  5  48.6 i.               -  n.7 

12    Geo.  A.  Hill 

Georgetown  H'ts 

38  55  48 

7  7     1  30     3 

5    •".  1  1  .  1 

5 

8  .".     1.28  •".  17..".  - 

18    Rev.  J.G.  Hagen 

i  feoi  gel  ii  i  loll.  <  lbs. 

38  5 1  26 

77     1  34      5 

100 

5    5  31.7 

5 

5  20.2 

+  11.5 

14  1  K.  L.  Allar 

Ann  Arbor,Mich. 

42  16  47 

83  43  47      6 

VI, 

1  52  10.3 

1 

51  51.0 

4-19  3 

(1)     First  possibly  2  or  3  seconds  late ;  lasl  1  second  late. 
•_' :     First  contact  1  minute  late. 
8)     li'itii  contacts  probably  2  seconds  late. 


a      26-inch  reduced  to  1  inches.     First  contact  uncertain. 
12      5-inch  reduced  t.i :'.  inch.-.     First  • 
(14)    Clonds  at  time  of  last  conts 


OBSERVATIONS    <>F    THE    SOLAR    ECLIPSE    OF    OCT.    19-20, 


MW.i:     \1     MM:    WASHBURN    OBSERVATORY, 

Bi   GEORGE    c   COMS'J  Oi  K 


The  first  contacl  of  tin-  eclipse  was  observed  b\  myself 
with  the  10 cm.  equatorial,  provided  with  a  Herschelian  eye- 
piece carrying  a  filar-micrometer.  Mr.  A.  S.  Flint  ob- 
served  the   i tact  with   the    smaller    Clark    equatorial    <>( 

15  cm.  aperture,  also  provided  with  :>  Herschelian  eye- 
piece. The  full  aperture  of  both  telescopes  was  employed. 
The  morning  was  clear  but  clouds  gathered  shortly 


Observer  Power        Madison  M.T. 


C. 
I'. 


196 
176 


-.'•J    18 

22    is   -.'7.H 


Immediately  after  r< <iin-  the  time  ■■:  contacl  I  measured 

tin'  position-angle  of  the  advancing  limb  of  tin-  moon  by 
placing  tin-    micrometer-thread  tangent   to  it  and  obtained 


the  predicted  time  of  first  contact  ami  completely  obscured     p  =  340°.3.      The  computed   position-angle   ami    time   of 
the  sun  within  a  very  few  minutes  after  the  contact.     The      firsl  contacl  were      /•  =  340°.6,       '/'        22     |s     \\\ 
seeing  at  the  instant  of  contact  was  fairly  ;: 1. 


OBSERVATION    OF   THE   SOLAR    ECLIPSE   OF   1892  OCTOBER  20, 

Made  at  thk  Johns  Hopkins  University,  Baltimore.       Latitude  =  39  18    N      Longitndi 

i  lommunli  ated  by  Prof.  Newi  ..mi-.. 


Observation  with  10-inch  equatorial: 

Beginning  Ending 

Chronometer  time,  12     I    25.0  N  l'.O  I' 

Correction,  —2  38.9  — 2 

Local  mean  time,  •-':'•  58    16.  i  2  •'':'   22.7 

Greenwich  mean  lime,  ■'<     .">   Il'.i  8     .">   is.; 


N.  =  Prof.  Newi  omb. 


tion  with  alt-nzi th  (aperture  30  mm.)  : 

lining 

\ 
— 2 

■  o.l 

l-'     5    l-:.l  12.7 

IV  =  Dr.  Poor.  \         Mi     \n\i- 


( 'huonometer  time. 

|  ■  ion. 

Loral  ineau  i  ime, 

i  icll   mean   till! 


Ill  E     ASTRO NO MI  I    A  I.     Jul    I;  \  A  I.. 
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OBSERVATIONS  OF   COMET  d   L892    brooks), 

MADE    vl     llll     BOSTON    i   S'lVBUSITY    OB88RA  kTORY, 

i;v  .1    B    


1892  Washington  M.  I 

* 

No. 
Comp. 

-* 

./8 

-  apparent 
a                         8 

logj>A 

forrt       1      ford 

Oct.  24      15    13  12.2 
28      M   57 

16     0  22.0 
16      1   54.2 

1 

2 
8 

13  .  1 

7  .  2 

7 

— o"  7 '..".<) 
—0  54.60 
—0  44.61 
t  0    19.50 

— 0   13.2 
+  2  37.8 
+  ii  52.4 

6    17  52.91 
9     2    12.55 
9     2  52.54 
9     2  53.03 

4  16  20  23.8 
+  13  50   16.9 
+  13    18  3)..". 

H9.427      0.623 
n9.518      0.671 
n9.370      <i.646 
»9.356       .    .    . 

Mean   Places  for  1892 

.0  of  Comparison- Stars. 

* 

a 

Red.  to 
app.  place 

8 

Red    to 
app.  place 

Authority 

1 
2 

:; 

8  r7  58  32 

9  :;  35  26 
9     i'  31.63 

(  1*89 
1  1.89 
+  1.90 

+  16  20  38.1 
+  13    17    10.8 
+  18  39  32.3 

—  1.1 

—  1.7 
—1.5 

Weisse's  Bessel  VIII,  1  l  1" 
1552 

"                 ■•                       l.V.'s 

O B S E RYAT  IONS    OF    COMETS, 

MADE    Al     llli:    HARVARD    COLLEGE   OBSERVATORY, 

By  0.  C.  WENDELL,  Assistant. 
c municated  by  Professor  E.  C.  Pickering,  Director.] 


1892  Cambridge  M.T. 

* 

No. 
Comp. 

Aa.        |         JS 

I'sa 
a 

•parent 

8 

log 

for  a 

PA 

for  i 

Comet  /  1892   (Hoi.i 

n> ) . 

Nov. 

1 1 

7  50   12 

1 

1 

—3  21.25 

—  9  58.9 

(i    13  37.94 

+37 

4.s 

18.4 

n9.249 

9.948 

16 

1  I   52  23 

2 

5 

— 0  43.95 

—  3  33.0 

ii    12  56.41 

+  37 

33 

52.1 

9.741 

0.668 

17 

7  59  38 

2 

5 

—0  55.33 

—  7  .vs. 7 

0  42  45.03' 

+  37 

29 

26.5 

9.917 

19 

10    1.".  26 

3 

8 

—2     'J.  7  1 

+   2     2.0 

0    12  21.75 

+  :!7 

13 

4..", 

9.437 

0.11  1 

20 

13  55  33 

1 

10 

+  0  21.90 

+    4   4:.. 4 

0  42   12.32 

+  :',7 

7 

10.7 

9  730 

0.602 

22 

8   11    29 

1 

8 

+  0   11.66 

—  5   22.6 

0   12     2. <  m  ; 

+36 

57 

33.0 

ii8.695 

9.906 

28 

7  56  50 

1 

7 

+0     9.88 

—11   33.6 

0   12     0.27 

+  36 

51 

22.1 

w8.865 

9.933 

lu  4  2    11 

4 

Id 

+  0     9.64 

—12  20.3 

ii    ii'     0.03 

+  36 

;,ii 

35.4 

9.478 

0.172 

(  omi  i   g   1892   (Bro 

3KS)  . 

Nov 

21 

16  44  38 

5 

5 

— 0  58.45 

+   2  27.8 

12  59    15.62 

+  13 

.-.(i 

27.:; 

0.701 

22 

1C  22    15 

6 

0 

—0   15.90 

+  15  26.1 

13     (i  36.26 

+  14 

16 

18.4 

ii9.618 

0.718 

24 

16    IS'    in 

7 

6 

+  3  18.68 

—  5  27.4 

i   13     3   29.05 

+  15 

12 

34.9 

><9.616 

0.70;; 

Mean   Places  for  1892.0  of  Comparison- Stars. 


Red.  to 

8 

Red.  to 

* 

a 

;i|i|>.  place 

app.  place 

Authority 

1 

(i  46  56.23 

+  2*96 

+  37  57  50.8 

+  2i;.;i 

Lalande  1443 

2 

ii  43  37.46 

+  2.90 

+  37  36  58.4 

i#  : 

132.-! 

3 

0  44  28.71 

+  2.78 

+  37   10  34.7 

+  27.6 

B.B.  VI,  36°134 

4 

0  41   47.55 

i        > 

+  37     2  28.2 

;:    : 

W.Bessel  0  1029 

0 

13     0  12.89 

+  1.18 

+  13  48   13.9 

—i  i.i 

AV. Bessel  XII.   1004 

6 

13     0  50.95 

+  1.21 

+  14      1      7.0 

—  1  1.7 

li            •■      1014 

7 

13     0     9.10 

+  1.27 

+  15   18   17.9 

—15.6 

Lalande  24330 
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OBSEKVATIOISTS  OK   COMET  /  1892    bolmi 

MADE    IT  GOODSELl  OBSERVATORY,    \.  n:  I  n  I  n  in,   MINN..    Willi  mi-:    16-INCH    REFRACTOR    l*D   iiiai;   MICROMETER, 

By  Ii.  C.   WILSON. 
[Communicated  by  \V.\i.  W.   Payne,  Director.] 


1892  Nortlifield  M.T. 

* 

No. 
Comp. 

Ja 

-* 

/S 

ev^'s  apparent 

a                        8 

Nov.  11      11      0  15 
1.".        9     4   50 
18        9   43   56 
22        9   34   14 

1 

2 
3 

1 

9  ,  6 
6  ,  4 
9  ,  6 
6  ,  4 

—  2"'l  f.l'.x 
—0  23.  1" 

—2  it. r.» 

— 5  32.00 

+  7   15.2 

+3  .".'-.ji 
—5  35.0 
+6  20.;; 

■    I  1  '45*03 
0    13    17.09 
0    1-.'  32.15 
0  42     3.23 

+  38 

+  37   11    21.1 
+  37  22  21.7 
+  36  56  47.8 

9.366 

0.102 

Mean  Places  for  ISOj. 

.<)  of   (JoiiijKirixoii-Sh //.-■. 

* 

a 

lied,  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 
2 

;; 

4 

0  46  56.31 
0  43  37.57 
(i  45   16.42 
0  47  32.33 

+  3.00 
+  2.92 

+  2.92 
+  2.90 

+  37  57  -ll.l           +26 J 
+  37  36  58.5           +26.6 
+  37  27  32.8           +26.9 
+  36  50     o.;;          +27.2 

Yarnall-Frisby  150;  Armagh   i-:>'* 
Lalande  1323 
Lalande  1384 
rarnall-Frisby,  156 

OBSERVATIONS    OF    COMET  /  1892    holmes), 

MADE    AT   THE    DUDL.E1     OBSRRA   VTORY,    ALBANY. 

By  LEWIS    BOSS. 


1892  Albany  .M.T. 

* 

No. 
('■imp. 

oX- 
la 

/8 

lov.  17     7  56   12 
22     7  24  30 

1 

2 

16  .     7 

1M    .     ID 

—2  32.92 
+  n    13.05 

+  1    37.4 
—5   2+2 

t# 


s  apparent 


g    A 


o    1-    16.78      t  37  2:1  24.9  »9.12o5  9.9479 

0  42     3.79     -\  36  57  32.1 


Mean   Placi  for  1892.0  <>f  Comparison- Stars. 

Reduction  8  Reduction  Authority 


(I    15 
0  41 


1(1.79 
47.88 


1  2.91 

+  2.. si! 


+  :;:  27  20.8 
+  37     2  29.6 


The  central  condensation  appeared  fainter,  both  on  N..\ . 
17  ami  22  than  mi  Nov.  13,  and  was  observed  with  difficult} 
under  faintly  illuminated  wires.  The  surrounding  nebulos- 
ity, which  appeared  exceedingly  transparent  on  the  two 
later  dates,  was  estimated  i<>  he  aboul  10'  in  diameter  "ii 
Nov.  17,  mid  8'  on  Nov.  22.  Yet  ii  -till  appeared  i"  be 
remarkably  definite  on  the  north  preceding  edge  and,  for 
that  part,  concentric  with  the  central  condensation.  On 
Nov.  17,  us  my  notes  with  diagram  show,  the  outer  nebu- 
losity appeared  to  be  very  defective  on  the  south  following 
quarter  and  to  extend  not  more  than  two  or  three  minutes 
from  the  nucleus  condensation,  with  faint  streamers  51  or  1'. 
in  length  bounding  the  void  on  either  side.  On  Nov.  22,  a 
very  faint  extension  bf  the  nebnlositj  was  noticed  hi  posi- 
tion-angle  1211  .     This  appendage  01  tail  could  he  traced  t.> 

about    12'  from  the    iiiieleii-  ami  was.  perhaps,  >s'  in  breadth. 

1  in  Nov.   is.  I  computed  parabolic  elements  which  now 


+  27.3 


i  Lai.  1884  1  :  Paris.  2  obs.  Lund  2  obs. 
1  V7.B.  O,  1029)  ;  Lund  1 


ss  no  interest,  ami  on  the  following  day.  as 
nf  a  first  approximation,  the  following  elliptic  elemet 

T  —  1892,  June  7.0966,  G.M.T. 


o)  =       8  35   1 1 
SI  - 

1 '■   =     20  62  52 
0.558760 


Apparent  Equinox. 


Subsequent    approximations,    while    imp 

sentatii f    the  observation  of   Nov.  13,  did   not   - 

lit    thai    bf    N0>  .    '-'2  as    did    to. 

periodic  time  of  63  s'-'  and  indicates n  close  approach  to 

i  86  l .     On   N'O  .   24,  tl 
founded   on    these   elements   appears   to  be:      /  ■ 
It,      8        rhe  comet  "was  fi  00  faint  to 

of  observation  in  bright  mooulight,  I1 


1 1 1 


I  II  I       ASTRONOMIC  A 


JOl    1:  N  A  I. 


N     2  - 1 


(  I  >MET/  1892   KGLtiEi 


By  Re>  G 
I  have  computed  n  new  sel  of  elements  from  the  obser- 
vations of  Nov.  s  and  16,  with  one  made  elsewhere  on  Nov. 
•_'  I  ;  lint  :i  correction  li:i\ ine  been  subsequently  seul  to  the  lat- 
ter, which  would  make  n  considerable  change,  il  is  perhaps 
hardly  worth  while  to  publish  them.  The  period  is  6^  years. 
L'hej  give  the  periheliou  passage  in  August;  this  element, 
and  tl  '  longitude,  are  very  indeterminate.   And  the 

other  ro"t  to  the  dista !-equatiou  is  perhaps  still  admissible. 

I  lie  cornel  on  Nov.  29  was  merely  a  f ' : i i t > t  and  vague  wisp 
of  nebula  ;  no  observation  was  possible,  as  no  nucleus  could 
1892  December  3. 


M     8EARLE. 
be  sighted  on.     In  case  of  au  improvement,  "i    foi 
instruments,  the  following    ephemeris,  from  the   new   ele- 
ments,  will  probably  be  bettei    than  one   made   from   the 
former  ones. 


Gr.  M.T. 

Dec.  9.5 
13.5 
17.5 
21.5 


Kcill.MI  MS    I 
a 

1,  I,. 

II       I/,     .,1 

18     9 

50  50 

o  53  o8 


»i;    (  .i;i  I  nu  II  II    .Mil. M'. Ill  . 
.1  LogA 

0.2597 


1  35  I5.7 

;.|  ....... 

:.|  ....  I 

+34  21.0 


is:. -j  Cincinnati  M.T. 

Nov.  29    17  36™  23 
30   17  Ml    23 


OBSERVATIONS   OF   COMET  g  L892, 

MALI      \\     I  III     CINCINNATI   I  IBS!  111   I.TORY, 

By  .1    G.    L'ORTER. 

^~  *  &?'&  apparent 

*  la  /S  a  8 


0.2702 
0.2809 
0.2918 


logpA 


Br. 

0.68 
.64 
.61 


1  +o   16.62         +6    17.7     13   II   30.31      4-17  58  39.0     m9.525    0.576 

■>  _i    U.46         —  8  25.9     13   L3    16.35     +18  35  59.4     n9.531     0.569 

Mean    Places  for  1892.0  of  Convpariso/i- Stars. 

Reduction  8  Redaction  Authority 


13   11    12.36 
13  14  29. 18 


+  1 .33 
+  1.33 


+  17  52     8.8 
+  18    11   43.3 


-17.5 
-18.0 


V7.B.  Kill,    165 

111!.  VI,   +18  271  1 


NE\\     ASTEROIDS. 


Prof.  Kkkitz  writes,  Nov.  24,  that  the  small  planet  1892  L  had  been  observed  at  Vienna  by  Pa  lis  a. 

Nov.  22,     51'   lit"1  6"  Vienna  M.T.  a  =  314°  12'  35",  8  —  —10°  10'  50". 

Daily  motion.  +5'  in  «,  and  2'  northward.     Mag.  13. 

He  also  sends  noti< f  two  others. 

.1/.       An  asteroid,  1 1  }/'.  was  photographed  by  Charlois  Nov.  1.".  and  10.  and  observed  by  him  at  Nice. 

Nov.  -ill.    6b  31m.7  Nice  M.T.      a  =  33°  7'  6",     o'  =  +10°  ■>'  'J".      Daily  motion.  — 14' in  «,  and  2'  northwai 
.V.       Mr.  Berberich  announces  one  photographed  by  Wolf  at  Heidelberg,  as  follows: 

Nov.  1."..     8h  37"  Greenwich  M.T.         a  =:  4"  10m.6,         8  =  +23°  :'.<;'. 
20,    11"   16m         "  "  4"     5m.5,  +23"  37'. 


CORRIGENDA. 

Vol.  XI,  no.  254,  p.  Ill,  App.  placed'  Cornel  e  1891    for    Th  l'7 A-J    /.«(     7h  .".71"  0*A2 

X...  277,  p.  102,  Obs.  Oct.  19,    for     JS  +  8'  30".6,     8  =  +lnD   17'  26".5,        put     J^'  =  +7'  80".6, 


+  ln°   16'  26 


Miss  Whitney  calls  attention  to  an  unpublished  misprint  in  Weisse's  reduction  of  Bessel's  Northern  Z<.ne- : 
W.B.  O  1029,  precession  in  R.A.    for    3M35     put    o».235 


COKT  E  X  '1'  s  . 
Observations  of  Mars  am.  His  Satellites,  by  Prof.  W.  \V.  Campbell. 
Observed  Maxima  ok  Long-Period  Variables,  with   a   Correction  to  the  Published   Elements  or    XHerculis 

by  Mr.  Paul  S.  Yendei.l. 
Ring-Micrometer  Observations  of  Comets,  by  Rev.  G.  M.  Seari.e. 
Reports  of  the  Partial  Eclipse  of  the  Sun  of  1892  0<  roBER  20. 
Observations  of  the  Solar  Eclipse  of  Oct.  19-20,  by  Prof.  George  C.  Comstock. 
Observation  of  the  Solar  Eclipse  of  1892  October  20,  at  .Johns  Hopkins  University,  Baltimore. 
Observations  of  Comet  d  1892    Brooks),  by  Prof.  J.  B.  Con. 
Observations  of  Comets,  by  Mr.  0.  C.  Wendell. 
Observations  of  Comet/1892  (Holmes),  by  Die  II.  C.    Wilson. 
Observations  of  Comet/1892    Holmes),  by  Prof.  Lewis  BOss. 
Comet/1892  (Holmes),  by  Rev.  G.  M.  Searle. 

OBSI  i:\   ITIOXS    "I     (  '"Ml    I    ','   1892,    BY    1'koF    .1.   (i.   PORTER. 

New  Asteroids. 
Corrigenda. 
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METEOR-SHOWER    OF 

By  J.   K. 

This  evening  I  counted  199  meteors.  They  fell  between 
the  times  10h  20"'  and  llh5'".  In  the  half  hour  between 
10h  20m  and  10h  50"'.  I  counted  165  meteors.  At  I0h  50ro, 
the  clouds  which  had  formed  in  the  northwest  began  to 
obscure  all  parts  of  the  sky  except  the  eastern  portion 
where  Orion  blazed.  In  this  last  named  region  most 
of  the  meteors  were  seen  after  101'  50'". 

At  11'  5m  the  clouds  prevented  further  observations.  The 
radiant  point  appeared  to  me  to  be  about  10°  east  and  5° 
north  of  the  comet/  1892. 

The  meteor-trains  were  most  frequently  short,  al 
in  length,  and  the  heads  appeared  about  as  bright  as  - 
magnitude  stars. 

Some  trains,  notably  of  a  few  meteors  falling  near  J 


L892  NOVEMBER  23, 

and  of  others  trai 

the  heads  were  as  bright  as  .'/■ 

All  the   meteors  were  very  quick    D 

!  fraction  (say   !:"t  of  a  second.      A  curious   feature  of 

the  fall,  as  it  appeared  to  me,  was  |  in  group-. 

No  meteors  would  be  seen  for  a  few  minutes,  then  one 

could  count  five  or  more  falling  almost   at  the  same  time   in 

me  portion  of  the  sky.     After  the  clouds  began  to 

come  up,  I  counted  quite  a  number  of  meteors  through   the 

I  think  the  shower  would  have  been  a  brillia 
in  an   unclouded  sky.      I  11  ay  lie  connected 

with  the  Biela-comet. 

My  place  of  observation  was  on  tin-  great  flat 
Dakota  (8th  avenue  and  72d  stl 


Columbia  College,  1892  Nbv( 


METEOR-SHOWER   OF   1892  NOVEMBER  23, 

By  J.  (..   II  w.i  N 

This  meteor-shower  was  watched  here  until  after  midnight. 
As  regards  the  general  features  of  the  phenomenon,  the 
shooting  stars  weir  seen  in  all  parts  of  the  sky.  apparently 
radiating  from  the  neighborhood  of  the  nebula  in  .1 
tdu,  and  comet  /  (Holmes)  near  the  zenith.  Only  a  few 
meteors  were  noticed  whose  direction  seemed  at  variance 
with  the  general  radiating  point. 

A  great  number  of  faint  and  short  trails  were  seen  to  cross 
in  all   directions,  the  neighborhood  of  the  radiating 
within  a  circle  of  about   ten  deg 

All  magnitudes  were  represented,  from  the  Brst  to  the 
faintest,  some  as  bright  a-  ./< 

There  were  more  meteors  from  the  zenith  towards  the 
West  than  towards  the  East.  Not  nnfrequently  live  or  nunc 
shooting  stars  appeared  simultaneously. 

The  following  table,  prepared  by  Father  A1...1  6,  wi 
some  idea  of  the  frequency  of  the  meteors  : 

Georgetown  College,  1892  November  26. 


iwlch  M. 

T 

From      11    27     to 

12 

•• 

•• 

.     .12 

12  .    . 

.   .47 

42 

•17  .    . 

. 

Is 

.    .  .".7 
1 1  .".7 

35 

From     1 1  2  7     •• 

188 

The  building  of  the  observaton   obstructed 

third  of  the  visibli  II 

might  have  seen  about   2" eteore  dm 

iu  a  hour, 
density  of  the    -  instant 

midnight,  when  it  slightU 

a  injz  night  n 


w    -■ 
until 


II' 


I'll  K      AST  LtONOM  I  C  A 


JOU  K  N  A  I. 


THE  Mi:ri:oK-sii()\\  i:k 

ltv  EDWIN 

While  engaged  upon  my  regular  variable-star  work  on  the 
evening  of  November  23,  my  attention  was  soon  attracted 
to  the  unusual  number  of  meteors  falling.  Suspecting  thai 
they  might  represent  the  forerunners  of  the  so-called  Biela- 
meteors,  due  aboul  Nov.  27,  a  watch  was  al  once  begun. 
While  attention  was  give*  al  intervals  to  recording  the  in- 
tensity of  tin'  display,  the  chief  attention  was  directed  i" 
noting  and  mapping  those  meteor-paths  which  were  well 
observed,  ami  especially  the  short  paths  near  the  radiant 
point,  for  the  purpose  of  determining  this  radiant  center  as 
accurately  as  possible.  From  7'1  30"'  to  8h,  49  meteors  were 
counted,  IT  of  these  apparently  radiating  from  the  same 
center,  near  y Andromedae.  This  would  give  for  one  ob- 
server,  allowing  for  time  spent  in  mapping  tracks,  about  125 
per  hour. 

The  meteors  generally  came  in  clusters,  I  or  5  being  seen, 
at  short  intervals,  almost  simultaneously.  Special  outbursts 
were  occasionally  noticeable.  At  7h  ;i.V",  22  were  observed 
in  3  minutes,  and  at  SI1',  17  were  counted  in  2  minutes.  At 
Id'1   I.V",  12  were  observed  in  less  than  one  minute. 

Clouds  interfered  with  the  observations  shortly  after  9b, 
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and  shortly  after  11  ,  the  skv  became  almost  completely 
overcast,  and  observations  were  discontinued.  The-  hourly 
rati-  apparently  increased  up  to  9h,  when  meteors  were  fall- 
ing at  the  rate  of  a  I..- ut  300  per  hour  for  one  observer.     At 

ll'',  the  rate  hail  fallen  to  about  '-'on  per  hour.  .r>l  being 
counted  from  1011  I5m  to  1 1 ". 

Tin-  meteors  were  slow-moving,  generally  quite  bright, 
although  none  were  observed  as  bright  as  the  planets  Man 
or  Jupiter,  and  had  short  paths. 

Twenty-five  paths  were  quite  accurately  observed  ami 
mapped,  from  which  the  radiant-point  has  been  determined. 
This  point  appeared  slightly  \m->i  of  ;  Andromedat  or  at 
R.A.  25  .  Decl.  +41°.  The  shower  appeared  shortlived,  as 
only  one  or  two  were  observed  on  the  following  nights,  Noi . 
24,  25  and  26,  and  on  the  -J 7th.  although  generally  overcasl.  a 
careful  inspection  of  a  clear  space  in  the  northwest,  shortly 
after  dark,  or  from  51'  30m  to  5''45"\  failed  to  uveal  a  single 
meteor.  The  observations  were  made  at  Brighton,  Mass., 
the  center  of  observation  being  at  •  Andromedae. 

Sky  completely  overcast  on  Nov.  28,  29  anil  30  and 
December  1. 


Meteor  Tracks  Mapped. 


No. 

Boston 
M.T. 

Mag. 

Observed  Path 

Length 
of 

Wt. 

Remarks 

From 

To 

R.A.  Decl. 

R.A.    Decl. 

Rath 

1 

h        ni 

7  50 

3 

26   +20 

25^+16° 

4° 

4 

From  near  f!  Arietis 

2 

7  57 

4 

22?,     40.1, 

19        Hi'. 

3 

4 

Quite  short ;  near  radiant 

3 

8     4 

1 

2l|     22 

21        19" 

3 

3 

i> 

4 

8     6 

2 

31         -12,1, 

32i     43 

1 

4 

Very  short 

5 

8     8 

4 

:;i.\     42" 

33       42), 

1 

4 

i.          ii 

6 

8   12 

3 

26       33 

26       3  1 1 

2 

4 

K                 1< 

7 

8   15 

3 

26       3 1 

26       29. > 

2 

4 

•      41                 11 

8 

8  20 

1 

in       41| 

357       42" 

10 

4 

Rather  long  path 

9 

8  22 

2 

35       40.i, 

40       4  1 

4 

3 

Short 

10 

8   2  7 

3 

25       49" 

26 1     53 

4 

3 

•' 

11 

8    lo 

3 

46       48i 

55"     504, 

6 

4 

Across  a  Persei 

12 

8  58 

2 

31|     35" 

32.      32 

4 

4 

Across  p  and  j  Tria'nguH 

13 

8  59 

3 

23       47 

21        49 

3 

3 

Short 

14 

9     5 

2 

26       28 

26  J     21 

7 

4 

15 

9     7 

4 

27      32$ 

27{     31 

1 

4 

Very  short 

16 

9   13 

3 

27       41" 

27'.      41 

£ 

4 

Nearly  stationary;   ended  near  yu 

Indromedae 

17 

ii   18 

>1 

15       37 

11        34.1, 

5 

4 

18 

9  23 

2 

3  7  A     30 

41       27 

o 

3 

19 

9  25 

2 

12       40.V 

4        401, 

6 

4 

20 

9  27 

2 

30       22| 

3H     18" 

5 

4 

From  a  Arietis 

21 

9  47 

2 

55        17.', 

67"     48 

10 

4 

22 

10   17 

>1 

163       65" 

1 76       56 

10 

3 

Ended  near  ;■•  Ursae  Majoris 

23 

10  55 

1 

49       24 

59        16 

9 

4 

From  ij  Tauri 

24 

11      7 

3 

55  .     24 

60       19 

6 

4 

From  Pleiades 

25 

11    13 

>1 

79         6A- 

85         2 

8 

4 

From  i  Orionis 

In  the  column  of  weights,  4  indicates  au  accurate  observation,  1  a  poor  one. 


Brighton,  1892  December  1. 
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THE  PROPER  MOTIONS  OF  THE  STARS, 


By  W.  II. 
I  uoticed  some  time  ago  a  remarkable  connection  between 

the  proper  moiioiis  of  the  stars  aud  their  spectra  —  the  solar 
stars  (Secchi's  type  II)  having  much  greater  proper  motion 
than  the  Sirian  stars  (type I),  or  the  stars  of  the  third  type. 
although  the  smaller  number  of  the  latter  render  ihe  test 
less  decisive.  1  may.  however,  add  that  Stars  with  the  kind 
of  spectrum  designated  K  in  the  Draper  Catalogue  (which 
though  referred  in  that  Catalogue  to  the  second  type  ; 
closely  on  the  third)  appear  to  have  less  proper  motion  than 
Ihd  other  stars  with  the   second   type  of   spectrum.      1  lately 


S.    MUM  K. 
compared   Mr.  PoBTER's  list  of   stai - 
half  a  second  and   upwards,  in  the  A 
Juue  13,  with  the  D  and  1   think  the  r< 

worth  publication.     A  large  number, 

e   not   in   the   Draj  My  libt 

contains  ali  those  which  1 

nilies  a  spectrum  of  the  first  type  (Sirian),  E,  F,G,H,  I 
K  denote  various  forms  of  the -second  !•;  while 

the  third  type  is  designated  by  the  lettei  M. 


Star 

Proper 

Spec- 

Star 

Proper 

- 

Spec- 

motion 

trum 

motion 

trum 

trum 

(i  Cassiopeae 

11.5  1 

F 

Piazzi  VII,  321 

o'82 

E 

0.65 

F 

Piazzi  0,   137 

0.79 

H 

I. aland,'  16304 

1.03 

E 

\  "' 

o..7. 

F 

54  Piscium 

0.61 

H 

p  Co  ncri 

0.55 

II 

1.32 

F 

Lalande  1065,  6 

0.79 

H 

i  ( rrsae  Majoris 

0.51 

A 

i  9  /. 

o.77 

1   • 

q  Cassiopeae 

1.19 

F 

10  Ursae  Maj'/ris 

0.52 

I'- 

realis 

- 

1 

Mayer  20 

1.37 

H? 

t  i  a  ncri 

0.60 

ll 

I   • 

H  Cassiopeae 

3.73 

II 

Fedorenko  I  157,  8 

1.69 

II 

_'  /'/■ 

'. 

Lalande  2450 

0.57 

II 

Lalande  L8286 

0.52 

E 

36  Ophiuchi 

1.29 

I 

11  (  H.)  Audromedae 

0.82 

F 

Lalande  18397 

0.55 

II 

oi  Herculis 

1.06 

1 

IiiT  Piscium 

0.73 

F 

b  1  'ism'  Majoris 

1.11 

F 

Fedorenko  "-  : 

11 

T  Geti 

1.95 

G? 

1 1  Leant*  minoris 

0.77 

11 

F 

Piazzi  I,  159 

0.62 

(i? 

20  /.•  "ni.-<  minoris 

\  f 

,,  //• 

- 

i  • 

Lalande  3922,  3 

0.50 

A 

( Sroombridge  1618 

1.1.-, 

11 

nrlii 

1.17, 

K 

Lalande  4141 

0.60 

A 

Weisse-Bessel  X.  520 

o.TI 

F 

~- 

0.91 

K 

i  Tiianguli 

1.15 

F 

>  ris 

0.50 

I? 

\  !>    iconis 

1 

Lalande  4855 

0.60 

II 

;  1  rrsai   Majoris 

H.7I 

». 

( rrooml 

" 

Piazzi  II,  123 

2.34 

II 

Piazzi  XI.  32 

11  : 

i-  Aqx 

11 

i  Persei 

1.25 

F 

83  Leonis 

O.7.-, 

I 

Bradlej 

11 

12  Eridani 

0.73 

F 

Groombridge  18 1  2 

F 

mis 

- 

1  • 

e  Eridani 

1 .01 

K 

/..  in, is 

\ 

A 

in  Tauri 

0.55 

F 

1     ginis 

0   77 

i. 

Lalan         :    - 

• 

11 

<f  Eridani 

O.7.", 

1 

Lalande  2i 

0.50 

E 

s 

1 

t  Eridani 

0.56 

F 

Lalande  22- 

1.03 

1. 

( Iroombridgi 

In  Eridani 

1.11 

H? 

•     Ulll 

0.77 

F 

/  ( 'ephei 

- 

K 

Groombridge  88  I 

0.68 

A 

;   Virginia 

F 

- 

II 

Tauri 

0.53 

•     E 

.",.",  ]  i 

n..-,  2 

11 

Lalande  43492 

V 

>.  Aurigae 

0.84 

F 

finis 

M 

i  si 

1 

Piazzi  V,  146 

0.55 

I 

Lalande  21414-6 

n.72 

11 

,r  /'• 

1 

S  Leporis 

0.69 

1 

1.2H 

I'- 

Bradlej 

11 

23  Hi  Carat  lopardalis 

F 

61    Virt 

1.7,1 

ll 

1 

Sirius 

1.31 

A  : 

1  XIII.  211 

0.92 

\ 

Lalande  I"  i 

\ 

Piazzi  VI,  305 

E? 

,'•'„/.•■■ 

0.64 

F 

,  inn 

•' 

Lalande  13849 

0.52 

E? 

K 

Piazzi  XX  III.  16  1 

11 

Proci 

1,25 

1 

Lalau 

(1.7,7, 

E? 

P 

K? 

Ma\  i 

l 

Piazzi  XX  111.  -    7 

1 

28  Camelopardalis 

0.50 

I 

Lalande  27744 

- 

11 

The  notes  of  interrogation  are  taken  from  the  Draper 
Catalogue;  bul  in  two  instances  I  am  doubtful  of  the  cor- 
rectness of  my  identification,  and  in  both  of  these  cases  the 
spectrum  is  given  as  A.    They  are -^  1X111,241, 

and  Lalande  47,77,7,.      On   the   other   hand   the    Draper  Cata- 
logue contains  stars  with  spectra  of  the  Sirian  type  near  the 


famous 

do  not  seem  to  me  to  be  identical. 

Of  107  stars  in  the  fi 
the  Sirian  type.  6  ctruui 

.  and  l  of  the  lyp<    M 

The  remain  ■  I  .  1  .  i  ..   II 
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and  I.  The  Bpectrum  B  does  not  appear  a<  all.  The  signifi- 
cance of  this  result  will  be  evident  when  I  mention  that 
l'n  mi  a  count  of  the  stars  in  the  Draper  Catalogue  I  find  that 

the  Sirians  (A,  B,C  and  D)  amount  1 c  than  one-half  of 

the  entire  number,  though  they  furnish  less  than  one-tenth 
of  Mi.  Porter's  list.  Ii  will  be  found  that  the  Btars  with 
spectra  K  and  M  also  contribute  less  than  their  legitimate 
proportion. 

I  Mm  disposed  to  infer  from  these  and  Borne  other  facts, 
that  the  sun  forms  one  of  a  group  or  cluster  of  stars  with 

16  EarUfort  Terrace,  Dublin,  Ireland. 


spectra  similar  to  its  own.  And  as  these  Btars  are  dis- 
tinguished rather  by  their  large  proper  motion  than  by  tbeii 
superior  brightness,  they  are  either  of  less  (ban  average 
mass,  or  of  less  than  average  luminosity.  This  clustei  has 
probably  :i  motion  of  its  own  in  space,  which  accounts  for 
the  facl  thai  we  obtain  a  different  apex  for  the  sun'e  way 
when  we  employ  stars  with  large  proper  motion  from  thai 
which  we  obtain  whin  we  use  those  whose  motion  is  less. 
This  fact  has  Imtii  noticed  by  Mr.  Porter  in  a  different 
article. 


ELEMENTS   OP   COMET /' 1892, 


By  Rev.  G.  M 
1  have  computed-  the  following  elements  of  this  comet 
from  the  plaae  previously  used  for  Nov.  8,  Prof.  Stone's 
observation  of  Nov.  24,  and  a  position  which  1  obtained 
here  on  Dec.  10.  Owing  to  the  faintness  of  the  comet  on 
the  last  date,  this  position  is  probably  not  very  accurate, 
and  the  first  hypothesis,  with  computation  to  six  places, 
was  considered  sufficient. 


SKA  HI.  I 

T  =  June  25.8219  Greenw.  M.T 


to  =     21   41   45 
Q,  =  330   10  .,1 
i  —     20  39     o 
log  e  =  9.586738 
log  a  =  0.558044 
Period  2510  days. 


IMi2.il 


Middle  Place 
O— C 

JX  =  +1" 
4*  =  —2" 


OBSERVATIONS   OF   COMET /  J.892  (bolmes), 

MADE   AT   THE   OBSERVATORY    OF    THE    STATE    UNIVIKSITY    AT   COLUMBIA,    MI8SOURI, 

By  MILTON  UPDEGRAFF. 


1892  Col 

imbia  M.T. 

* 

No. 

#- 

-* 

&/'*  apparent 

log 

PA 

Comp. 

Ja 

jS 

a 

8 

for  a 

ford 

Nov.  9 

10     8  36.1 

1 

5 

+  l'"l4.*l 

+  0   17.0 

0  45  4  4*.  8 

+  38°17 

29.5 

9.028 

9.156 

10 

8   19  53.3 

2 

7 

+  1      8.0 

+  2  29.2 

0  45    17.2 

+  38   11 

55.2 

»9.198 

9.387 

11 

7  35   15.9 

2 

5 

+  0  41.7 

—3  26.3 

0  4  1   51.0 

+  38     5 

59.9 

»9.404 

9.7  18 

12 

7   11   44.4 

3 

6 

—2  34.6 

+  2     2.6 

0  4  4    24.8 

+  38     0 

19.6 

B9.472 

9.847 

15 

8     4  49.1 

4 

8 

—0  21.8 

+  4      1.4 

0  43    18.8 

+  37  41 

29.2 

n9.I48 

9.459 

18 

7     2  43.3 

5 

3 

—2  43.5 

—5     6.0 

0   42   35.9 

J  37  22 

41.9 

»:i.lll 

9.813 

111 

10  48     0.8 

6 

6 

—2  47.8 

+  4  31.3 

0  4  2  20.8 

+  37   15 

35.0 

9.475 

9.919 

21 

7  45  40.0 

7 

4 

+  0   17.7 

+  0  42. S 

0  4  2     8.2 

+  37     3 

38.1 

?i9.099 

9.559 

22 

7   10  38.1 

7 

6 

+  0   13.3 

—5  45.4 

0    J  2      3.8 

|  36  ."'7 

10.0 

n9.302 

9.734 

25 

10  29  45.9 

8 

6 

+  0  38.2 

—4   29.7 

0  4  2     4.5 

+  36  37 

5.2 

9.488 

9.988 

Mean  Places  for  1892.0  of  Comparison- Stars. 

Red.  to 

5                      Red.  to 

O                        app.  plan-                                                *' 

* 

app.  place 

ithority 

1 

0    II   27.69 

+  3.02 

+  38   16  46.6 

+  25.9 

W.B.    O,  1092 

- 

2 

0  44     6.27 

s  1  !  99  1 
t  +2.98  i 

+  38     9     0.0 

*  ■    6.0) 

W.B.  O,  1083 

3 

0  46  56  39 

+  2.99 

+  37  57  50.8 

+  26.2 

Lalande  1443 

4 

0  43  37.63 

+  2.92 

+  37  36  58.2 

+  26.6 

Lalaude  1326 

0 

0  45   16.46 

+  2.91 

+  37  27  20.1 

+  27.8          W.B.  0,1113 

C 

0  39  30.15 

+  2.85 

+  37   10  36.7 

+  27.0          W.B.  0,979,980 

7 

0  41    4  7  67 

+  2.86 

+  37     2  28.1 

\3%i\           W.B.  0,1029 

8 

0  41   23.42 

+  2.83 

+  36  41      7.3 

+  27.6    ,     W.B.  0,1021 

As  seen  through  our  telescope  of  74  inches  aperture,  using  a 
power  of  150  diameters,  the  nucleus  was  faint,  ill-defined  and  elon- 
gated in  shape,  rendering  accurate  observation  difficult.  On  ac- 
count of  the  extraordinary  changes  which  took  place  in  the  aspect 
of  the  comet  from  Nov.  9  to  Nov.  25,  it  is  doubtful  whether  the 
same  point,  with  reference  to  the  center  of  gravity  of  the  object, 


was  observed  on  different  nights.  The  nucleus  was  seen  more  dis- 
tinctly Nov.  12  than  on  any  other  night.  On  Nov.  15  the  obser- 
vations were  made  through  clouds  and  haze,  while  the  observation 
nf  Nov.  18  is  poor,  having  been  made  through  clouds  and  mist. 
The  comet  was  barely  visible  to  the  naked  eye  after  the  moon  had 
set  on  Nov.  25. 
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FILAR-MICROMETEE    OBSERVATIONS   OF   COMET/  L892    .'/• 

MADE    WITH    THE    12-INCH    KQUATORIAL   Ol     THE    IKK    OBSRR1 

By  E.  E.  BARNARD. 


1892  Mt.  Hamilton  Mi 

* 

No. 

Comp. 

-* 

. 

Ja 

a                         8 

Nov.    9 

11   4G  55 

■> 

10  .  4 

+  1     9. "68 

—  0  34.9 

0    15 

10 

11    54  33 

2 

6  .  4 

+  0  39.17 

-  6  34.2 

0    15 

•   12.7 

14 

7  20  34 

3 

5  .  1 

—0     4.50 

+  10   10.4 

0    13 

,;  83.9 

16 

7  4  4   25 

3 

l"  .  1 

—0  41.04 

—  •-' 

0.16 

21 

7  58     4 

4 

*2  ,  4 

+  0   If,. 71 

+   0   10.2 

0    12 

+  37              : 

Dec.    5 

6  33  1 1 

5 

*2  ,  4 

+  0   12.27 

+   8     6.0 

0   11    17.45      +35  39   17.6 

9.633 

6  50  46 

0 

*2 

+  0   1  1.81 

0  4  1    19.99       

6 

6  10  54 

0 

12.4 

+  0  36.36 

+   2  44.2 

0    11   41.53 

7 

9     6     7 

5 

10  ,  4 

+  1     5.52 

—  3  21.4 

0  45   10.68 

Mean   Places  for  1892.0  of  Comparisons 


* 

a 

lied.  t'> 
app.  place 

8 

Red.  to 

app.  place 

Authority 

2 
3 
4 
5 

0  44m 27.65 
0  43  38.29 
0  41   47.63 
0  44     2.46 

1  +4.91  % 

+  2.S6 

<+2.72> 
>+-'.7f'i 

+  38°  16'  41 
+  37  36  57.0 
+  :)7     ■>  28.3 
+  ;;.-,  30  43.6 

- 
+  27.2 

w  .  3se's  Bessel  < ».  1092 
Paris  1020 
w     --,  '-  B 

Mt.  Hamilton.  1892  Dec.  7. 


Jit  measured  direct. 


EPHEMERIS   OF   COMET  a  1892    swift), 

By  F.  GERTRUDE  WENTWORTH. 
imeil  from  p. 


The eqn 

itorial  coordinates  reduced  to  L893.0,  from 

which 

Gr 

M.T. 

App.  a 

Br. 

the  following  ephemeris 

w:l> 

computed 

.  a it- 

.1:11 

.10.5 

1  1.6 

: 

X 

y 

z 

=  [9.9229035]  i 
=  [9.999779  1 
=  [9.7384678] 

•  v) 
sin (257  52  5 
sin (345    5  28.0 +v) 

12.5 
1  1.5 
16.5 
18.5 

20 

22  20. 1 

24 

25 

7.6 

1.1 

.6018 

Or.  MT. 

App.  a 
h       m        ■ 

App.  <( 

log  A 

Br. 

20.5 

25  54.1 
27    12.4 

45.1 

Jan.  2.5 

0   10  33.7 

26    19.1 

i680 

24  a 

1.5 

12   10.6 

39.5 

31    21.5 

S3. 7 

6.5 

13  49.0 

30.5 

0.5706 

- 

12.3 

8.5 

0   15  28.6 

26  22.3 

OBSERVATIONS   OF   COMET  /  1892    holmss). 

Prof.  Oiuiond  Stone,  of  the  University  of  Virginia,    coi icates  an  ohservatiou    made  with   the  66cm.    I 

licCormicb  equatorial,  employing  W.U   0,1  (-'i  as  comparison-star. 

1892  Greenwich  M.T.  Comp.  la  /8  a  8 

Nov.  24    I  24  ,  3  -7 

Mis-  Whitney,  Professo'i  at  Vassar  Colli  on  later  thai 

1892  Pouglikeepsie  M.T.  !     A 

Dei  :    ll 


ELEMENTS    A  M  >    EPHEMERIS   OF   COMET/1892, 

r,i    i.i  w  IS 
The  elements  of  Comet /presented  herewith  are  founded      of  that  date  combined  with  Albain  N 

"ii  a  position  of  the  cornel  for  Nov.  v.  derived  from  the  de-      20  and  22;  and  a  thii  I 
terminations  :it  Mt.  Bamilton  and  Cambridge  of  thatdate;      Dec.  9. 
:i  place  for  Nov.  21  formed  from  the  Princeton  observation      nations  ari 
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N°  288. 


I.I  BHENTS    TOR    1  892.0. 

Epoch,  1892  N..v.  24.5,  Gr.  M.T. 


M=    27 

16 

18.58 

w  =    13 

19 

19.6 

a    83i 

45 

35.9 

i  =  .  20 

18 

0.0 

y>  =    24 

17 

50.3 

li  =513" 

1702 

7'  =  1892 

.1  u  in 

12.6162 

log  3  =  0.3295977 
logo         0.5598301 

Eqi  ltions  fob  Heliocentric  Coordinates. 
Equntor  pi  1692.0 

aj  =  r[9.9937812]  sin(v  +  77  lo' 10.8) 
v  =  r\  9  8>62726  j  sin(t>  I  388  34  16.9) 
z  =  r[9. 8325961]  sin(i>  +  857  45  21.7) 

Equator  of  189S.0 

x  =  r[9.9937869]  siu(v+  77  10  59.1) 
y  =  r[9. 8762535]  sin(w+388  35  46.6) 
z  =  r[9.8326073]   sin(u  +  357  45  50.2) 

The  comparisons  with  observations  subsequently  exhibited 
indicates  that  the  foregoing  elements  are  likely  to  prove 
substantially  near  the  truth.  With  these,  the  cornel  of 
Holmes  may  approach  the  orbit  of  Jupiter  within  the  dis- 
tance of  0.37  at  longitude  lf>i°;  and  during  nearly  a  year 
the  distance  of  the  comet  from  that  orbil  is  less  than  0.7. 
The  periodic  time  of  6y.91  I  (2525.5  days)  shows,  however, 
thai  no  very  close  approach  to  Jupiter  can  have  taken  place 
in  recent  years.  The  eccentricity  is,  however,  so  small  that 
very  important  perturbations  by  Jupiter  may  have  occurred 


when  the  cornel  »as  comparatn  •  1\  distant  from  its  aphelion. 
With  the  present  elements  undisturbed  no  very  close  ap- 
proach to  Jupiter  is  likely  to  bai scurred  during  the  past 

fifty  years. 

Tin-  recent  remarkable  decrease  in  brightness  of  the 
cornel  seems  lo  do  away  with  the  necessity  of  supposing 
that  it  has  been  recently  made  a  member  of  the  solar  sys- 
tem. This  decrease  also  renders  il  reasonably  certain  thai 
the  comet  must  have  been  subjected  to  some  extraordinary 
disturbance  of  its  internal  economy,  by  the  application  of 
force.-,  from  without  or  within,  with  the  result  of  giving  to 
it  that  which  was  really  an  unaccustomed  and  temporary 
.size  and  brightness. 

Observers  generally  —  and  especially  those  who  possess 
only  moderate  optical  appliances  —  doubtless  have  experi- 
enced some  difficulty  in  obtaining  satisfactory  measurements 
for  position  upon  this  comet.  A  comparison  of  the  fore- 
going (dements  with  published  observations  may  therefore 
possess  some  interest.  In  making  the  comparisons  some- 
what rigorously,  I  have  rarely  attempted  any  revision  of  the 
Observations,  for  the  improvement  of  defective  star-posi- 
tions, though  I  have  occasionally  substituted  modern  star- 
positions  for  those  of  Lalande  or  Bessel  where  this  could 
be  done  with  entire  convenience,  and  where  such  substitu- 
tion appeared  to  improve  the  result.  In  the  following 
tables,  aftei  the  names  of  the  respective  observatories  and 
observers,  the  approximate  Greenwich  date  of  each  obser- 
vation, collected  for  alienation,  is  given,  and  this  is  fol- 
lowed by  the  difference  from  the  ephemeris  place  in  the 
sense,    Observed  —  Computed. 


Vienna— Weisse(W),   Pai.isa(P),  Ho- 
letschek(H  ) ,  Bidschof(B)  . 

Nov. 


Nov 


8 

10 

19 

+  0.27 

+ 

0.4 

B. 

10 

53 

+  0.28 

— : 

1.0 

W. 

9 

0 

25 

+  0.69 

— 

6.3 

H. 

6 

20 

—0.15 

+ 

2.2 

B. 

13 

6 

.",1 

+  3.23 

— 

8  5 

H- 

7 

58 

f  1.50 

+ 

15.8 

B. 

17 

4 

54 

+0.07 

+ 

1.1 

P. 

5 

0 

4-1.72 

— 

16.0 

H. 

5 

26 

•  0.51 

+ 

0.6 

B. 

5 

50 

+  0.33 

+ 

4.6 

\V. 

San 

bridge  i 

M:is-.  )  - 

-W 

ENDELL. 

8 

13 

52 

+ 

0.2 

18 

30 

—0.67 

+ 

2.4 

10 

17 

47 

+0.56 

+ 

3. 3 

11 

13 

39 

—0.61 

— 

2.0 

14 

12 

22 

—  1.78 

— 

6.0 

16 

19 

24 

—0.66 

— 

0.5 

17 

12 

31 

—1.59 

+ 

1.3 

19 

15 

15 

—0.06 

—  1 

73.1 

20 

is 

27 

—(1.02 

— 

61.8 

22 

12 

4  2 

—  1.36 

+ 

1.9 

23 

12 

28 

—  1.05 

+ 

7.1 

15 

13 

—0.96 

+ 

4.4 

Mount  Hamilton  —  Barnard. 


Nov. 


8 

16  21 

+  0.44 

— 

3.2 

9 

19  11 

+  1.08 

+ 

2.6 

10 

19   -18 

+  0.34 

— 

29.1 

14 

15   14 

+  0.02 

+ 

1.1 

16 

15  38 

+  0.12 

— 

1.3, 

21 

15  51 

—0.16 

+ 

1.5 

Lei 

>sic  —  H 

\YN. 

9 

6    t4 

—0.75 



12.1 

Nov 


Boston  University 
11   13     2'"   +2*31 


—  Corr. 

+  17.7 


Ponghkeepsie  —  Miss  Whitney. 


Nov. 

Paris  —  BlGOGRDAN. 
Nov.    9     8  41      +0.29     —     2.9 
13   10  56     +0.74     —118.6 
For  November  13,  there  appears  to  be  an 
error  of  '-''  in  declination. 


Nov. 


Cat  lsrullt RlSTENPART. 

9    lo  50      +1.27     —     9.4 


Washington  (Cath.Univ.)  — Searle. 


Nov.  10  20  57 
11  II  in 
13  13  20 
16  13  40 
14  55 
18  13  23 
21    13  38 


+  0.53 
I  0.63 

+  0.20 
+  0.08 
+  1.98 
+  1.62 
-0.67 


—  8.9(1!. 
+  21.1  ts. 
+     0.9 

+  30.3 

+  20.0 

—  5.2 
+  16.5 


N<>\ 

.  11 

15  55 

—0.62 

—  6.6 

16 

15  4  7 

—0.34 

—  0.8 

18 

15  4  2 

+  1.89 

—  2.0 

19 

12   15 

+0.53 

+   8.7 

20 

11    13 

+  0.59 

-    6.0 

Dec 

9 

15   16 

+  2.25 

—  10.7 

New 

York  (  Coin  mbia<  oil 

.)—  Rees(R), 

J  A  COB  Y  (J). 

Nox 

11 

16   13 

—1.45 

—  4.3 

R. 

16  48 

+  0.12 

+  14.1 

R. 

16 

15     6 

+0.36 

+   5.1 

R. 

20 

10  47 

+  1.57 

—52.6 

R. 

11     0 

+0.28 

—  49.8 

J. 

21 

15     8 

+0.33 

—27.5 

R. 

North  fi 

eld  —  W 

LSI  IN. 

Nov 

11 

17     0 

—0.16 

—   0.4 

15 

15     4 

—0.30 

+   0.6 

18 

15  43 

+  0.33 

+    1.5 

22 

15  33 

—0.03 

+   0.7 
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15) 


Bo 

■deaux  —  Rayet  (K) 

.    IV  AKT  (  1'). 

Kiri  —  Lamp. 

Princeton  —  It 

BED. 

Nov 

12 
13 

l,o"    8"    +0*71 
5  42      +0.27 

-48.4       R. 

+    0.1      K. 

NoV 

13 

6*57      1  0  i 

1  -i   1  I 

Nov.  21    I  " 

15 

;-,  50     0.05 

0.2      P. 

1  1 

15     3 

1  ni\  ii  sity  i 

17 

111       •  0.64      —   1.5 

Nov.  ->\    1. 

Prague  —  <  rROss. 

is 

6     9      •  :  30      •    4.2 

( lolurabia  (  Mo.  t  — 

VII. 

Nov 

13 

5   22      +1.09 

—  4.8 

Botlikamp  —  .Mmi.i  u. 

Nov.    :•    16   15 
in   11    16 

—   1.7 

Berlin  —  Kno 

:i:i:. 

Nov 

13 

7  56      1  ii  23         19.0 

11    13  32 

-  ;  1 . 7 

Nov 

13 

5  48      -HO.. 'it', 
11-17      +0.21 

—    1.3 

17 

5  24     +0.07     —13.9 

[2    1 

15    14      1 

4-    1.1 

14 

.".  28      +0.-19 

4-   0.5 

Albany       Boss  (B),  Lay  (I 

is    1:'   .".:• 

15 

4   50      +0.45 

—    1..S 

Nov 

13 

12    2     -  II.;;;,    —  0.8 

B. 

1!»    16   4  1 

—   n. 1 

17 

12  38     —0.06     4-    ■-'.: 

11. 

■Jl    13  41 

4-  1.1 

Gottingen  —  s 

mi:. 

is 

17    id      +ii. Do     —  2.0 

L. 

2-.'    13     6 

Nov 

13 

6     4      +0.19 

—   2.0 

20 

11    15      +0.06 

1.. 

•>:,   16  2:. 

13    14      +1.311 

+    4.1 

22 

12     t;     —0.11      —  9.3 

B. 

The  obs 

16 

5     7      +6.61 

—  9.4 

Dec. 

9 

11    22       \  ii.Ol     —  0.2 

li. 

Nov    18  a-  poor. 

19 

5    15      4-1.32 

—  5.3 

16     7     +0.97      1    3.8 

L. 

-  M11.1  o-i.\  i'  11. 

15 

14    51      —  0.3«     —13.1 

1.. 

Nov.  10      112 

-    5.1 

Hamburg  —  Sc 

tOKR. 

11       4    51 

—   4.0 

Nov 

13 

6     4      +0.19 

—   2.0 

Lyons  —  Cadi  i  . 

1 1'      8       1 

13 

13   14      +1.30 

+   4.1 

Nov 

15 

8   25      +0.21       +     1.5 

16 

8  43      +0.84 

+    2.4 

in    15      —0.10        t    15.1 

Padua  —  A  1.1  in. 

11    18      +0.57 

—   5.1 

Nov.    In        - 

—  1  1  .•"• 

17 

5   51      +0.43 

+    0.9 

liouigsberg  —  (  mis. 

11      (14  7 

18 

7   14      +0.63 

+    2.2 

No\ 

21 

;,  36         0.0 

14      7     s 

+  1.24 

I  have  formed  corrections  to  the  ephemeris  by  a  some- 
what summary  process  and  obtain  the  following  al  tin-  dates 
i ndi ca ted  : 

Ju  J,\ 

Nov.     9.8        +()".25  —1.6 

13.9        +0.29  —1.3 

18.0        +0.23  +0.7 

22.6  0.00  —0.7 

Dec.    11.6        +0.20  —3.5 

One  fairly  "hv  ions  conclusion  from  the  comparisons  seems 
to  be  that,  with  smaller  telescopes,  the  right-ascensions  ob- 
tained are  usually  greatei  than  the  mean.  The  small  num- 
ber of  observations  in  most  cases,  ami  the  need  of  revision 
of  the  star-positions  in  many,  would  render  an  evaluation 
of  systematic  corrections  useless  at  present.  Yei  in  some 
cases  they  already  appear  rather  well  marked.  Thus,  the 
right-ascensions  obtained  al    Hamburg  appear  to  require  a 

iv, lion   of   about   — 0'.40,    those   at.   Kiel   a  cornel  ion    of 

about  — 0'. 50,  and  thus,,  al   the  Harvard  College  ob 

torj  a  correction  of    I  0'.96,  iii  order  to  reduce  them  to  the 

general  mean. 

I  cannot  refrain  from  calling  attention  to  the  renewed  and 

striking  demonstration  of  the  inutility  of  the  ring-micr e- 

ter.  which  the  observations  of   this  comet  afford. 

The  following  ephemeris  was  computed  by  my  assistants, 
Mr.  William  O.  Lav  ami  Mr.  Charles  S.  Benton,  and  is 
intended  to  be  sufficiently  rigorous  to  admit  of  accurate 
comparisons  with  observations.     It  is  scarcely  necessary  to 


remind  the  possessors  of  large  tel<  scopi  -  of  tl 

ervations  upon  this  verj  intei 
it  shall  remain  \  isible. 
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mii:i>   i- 

•  i(    ( iRKl  wv  n  11    M  1 

'Mi. III. 
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■ 

-A 

1892  Dec.  20.5 

9.67 

22.5 

51 

47. 18 

;;i  28 

23.1 

24.5 

5(1 

30.84 

:il    16 

- 

26.5 

19.57 

:il    10 

1      0 

13.43 

3 1      5 

30.5 

2 

12.21 

:il     0 

34.3 

i 

1893  Jan.     1.5 

4 

15.71 

12.9 

1; 

83    12 

i 

5 . 5 

8 

36.07 

:;.".   19 

7.5 

10 

5 -J.  5  7 

6 

13 

13.10 

- 

11.5 

15 

37.51 

1.3 

G 

1  3  5 

IS 

15.5 

20 

:i7.  17 

17.5 

23 

12.73 

12.9 

19.5 

■j:> 

51.. 4  1 

■ 

21.5 
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31 

17.7 

34 

2  7 . 5 

29.5 
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12 
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1    4  5 

1      1 
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KINt.-MH  IROMETEB   OBSERVATIONS   OF   COMET/1892   eolmbs), 

IfADB    \  l    COLUMBIA   COLLKOH   OB8BRVATOUY,    N.Y.  CITY,    WITH    III'  I  II I  1:1  l  l:  I  '    KQUATOBIAL     18-INI  II    Ml  1:  l  l  LI     , 

BT   .1.    K      REE8. 


1892  Col.  Coll.  M  l. 

* 

No. 
Comp. 

la 

t 

/S 

tv">  apparent 
a                         8 

logo  A 

fori             ford 

Nov.  11 

12     5  27.9 
21     in  -J:,  51.8 

1 
2 

1  .  1 

2  .  2 
:;  .  :; 

—■>"\  1.9 
+  0  36.2 
+  0    17.1 

+  7  -2  1.1 
—3  43.2 
—0     7.3 

0  44  4  1.56 
0    11    15.42 
0    12     7.60 

38  5 

38  ."■    13.1 

:;7  2    18.2 

9.519 
9.407 

n9.751 
nO.020 

8.650 

Mtuii  Places  of  Comparison- Stars  for  1892.0. 


* 

Red.  to 
a                app.  place 

S 

Red.  to                                      ... 
app.  ,                                            Authority 

1 
•-> 

3 

o  46^56  16 
-    1  i     6.24 
0  41   47.63 

+  11.01) 

f  2.87 

+  37   57    13.4 

+  38     9     0.1 
+  37     2  28.3 

+  26.13         Paris  L102  =   Lalande  1  1  IS 
•  26.24         Weisse's  Bessel  0,1083 
+  27.19    |     Weisse's  Bessel  O,  1029 

REMARKS. 
Nov.  ii.    Coma  about  8'  in  diameter.     Nucleus  appears  to  bespread  out  toward  northwest.     Northern  --id'-  of  coma  more  sharply 
defined  than   southern  side.      Northern  end   of  elongated  nucleus  slightly    brighter  than   other  parts.      There   were   indications  of 
divisions  in  the  nucleus.        Nov.  21.     Coma  about  15'  in  diameter.    Nucleus  indistinct  ami  diffuse.     Comet  faint. 


G.M.T. 

a 

<1 

log  A 

h       in       « 

o          / 

Dec.  26 

13    in    17 

—36   10.2 

9.9920 

28 

11     0  57 

37     6.9 

30 

1 2     .". 

:!7  58.1 

0.0055 

Jan.     1 

23     5 

38    13.9 

3 

33  50 

39   24.5 

0.0191 

5 

1  1    1 :; 

40     0.2 

7 

14  55   16 

40  31.1 

0.0328 

9 

15     ."i   .",7 

40  57.6 

11 

15   15   48 

—41    19.9 

0.0461 

EPHEMERIS   OF   COMET  d  1892  (brooks,  Aug 

By  GEORGE  A.  HILL. 
[Continued  from  No.  279.] 
Br. 

28.4 


26. 


.28), 


24.3 


22.8 


20.8 


G.M.T. 

a 

h        in        s 

Jan.   13 

15  25    1  1 

15 

35  27 

17 

4  1   5  1 

19 

15  .".1     6 

21 

16     3     2 

23 

11    42 

25 

20     5 

27 

16  28   12 

-A 


41  38.4 

41  53.2 

0.0589 

18.9 

42     4.7 

12    13.1 

0.0711 

17.1 

-12   18.8 

42  21.8 

0.0825 

15.4 

42   22 .4 

-42  20.3 

0.0931 

14.9 

NEW    ASTEROIDS. 

Prof.  Krectz  sends  notice  of  four  asteroids,  photographed  by  Ciiarlois  at  Nice,  on  Nov.  23,  21.  25,  and  28,  and  ob- 
served by  him  ou  subsequent  dates. 

0.         Nov.  21.     8"    16m.l  Nice  M.T.              ,c  =  41°  5.5'  49",  8  =   +10°   12'  10". 

Daily  motion.  — 10'  in  «..  and  7'  southward.  11". 

P.         Nov.  27.     7"  36"'. 9  Nice  M.T.             a  =  54°  20'  58",  8  =   +11°  27'  53". 

Daily  motion,  — 12'  in  a,  and  1'  northward.  11*. 

Q.         Nov.  29,     8"  8m.2  Nice  M.T.                u  =  57°  4:;'  31".  3  =   +12°  23'  37". 

Daily  motion,  — 15'  in  a,  and  0  in  8.      12*. 

R.         Nov.  2:i.     8"  32m.4  Nice  M.T.              a  =  59°  52'  41".  8  =   +13°  29'  10". 

Daily  motion.  — 13'  in  a.  and  2'  northward.  12.V'. 


I    ON T E N  T S . 
Metkor-Showbr  op  1892  November  23,  nv  Prof.  .1.  K.  Rers. 

by  Rev.  .1.  G.  II  igi  n 

by  Mr.  Edwin  F.  Sawyer. 
The  Proper  Motions  of  the  Stars,  by  Mr   W.  II.  S.  Monck. 
1  i.r.Mi  sis  of  Comet/1892,  by  Rev.  G.   M.  Seaei.e. 
Observations  of  Comet/1892  [Holmes),  by  Prof.  Milton  Ufdegraff. 

Filar-Micrometer  Observations  of  Comet/1892  (Holmes,  Nov.  6),  by  Prof.  E.  E.  Barnard. 
Ephemeris  or  Comet  ><  1S02  (Swift),  by  Miss  F.  Gertrude  Wentworth. 
Observations  of  Comi  r  1  1892     Holmes). 

Elements  and  Ephemeris  of  Comet/1892,  by  Prof.  Lewis  Boss. 
Ring-Micrometer  Observations  of  Combt/1892  Holmes),  by  Prof.  J.  K.  Rers. 
Ephemeris  of  Comet  d  1802  (Brooks,  Aug.  28),  by  Mr.  George  A.  Hill. 
New  Asteroids. 
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ASTRONOMK  AL 


since  the  publication  of  the  law  of  tbe  rotation  of  the 
earth's  pole,  in  the  series  of  papers  ending  with  no.  277  of 
this  Journal,  there  have  appeared  two  interesting  confirirta- 
tions  of  it;  first,  the  communication  bj  Prof.  Ai.brecut, 
(A.N.  3131),  of  the  results  at  Honolulu  and  the  simulta- 
neous observations  at  European  observi 'ies,  all  by  Tal- 

COTr's  method;  secondly.  Bulletin  25,  U.S.  Const  and 
Geodetic  Survey,  giving  Mr.  Edwin  Smith's  observations, 
also  by  Talcott's  method,  iii  1891-92,  at  Rockville,  Md. 
To  show  how  precisely  the  formula  (  15),  p.  100,  conforms 


to    all    these    results,    I  give    below    the    datl  - 

maxima  and  minima  computed*    for  the   Berlin   mei 
and  their  comparison  with  the 

places,  after  applying  the  proper  reductions  for  the 
ence  in  the  I  the  other  meridiai 

virtue  of  ti,.'  rotation  of  the  |  ■ 
reductions,    additive     to    the     Berlin    datl 
+  1'1 :  Strassburg,— 7d ;    Pulkowa,    - 
Waikiki,  — 2i 


Comput.eq.   15 

0— C 

Berlin  meridian 

Berlin 

Prague 

Strassb. 

Pulkowa 

Rockville 

Honolulu 

el 

d 

d 

d 

d 

d 

A 

Max. 

1889  Aug.  19 

+  18 

—  lit 

— 

- 

- 

- 

B 

Min. 

1890  F<  b.   28 

—  12 

—13 

- 

- 

- 

- 

—12.5 

C 

.Max. 

1890  Sept.    9 

—  7 

0 

- 

—  11 

- 

- 

—   7.o 

I) 

Mill. 

1891   Mar.  22 

—  (I 

—■>! 

- 

— .  a 

- 

- 

E 

Max. 

1891  Oct.      3 

—  2 

+    2 

+  15 

— 15 

- 

—  9.6 

F 

Min. 

1892  Apr.   1  1 

(+17) 

(+31) 

+  13 

- 

G 

.Max. 

1892  Oct.    l'1 

- 

- 

- 

- 

3 

1 

The  values  in  parentheses  are  extremely  uncertain,  being 
roughly  estimated  from  incomplete  determinations  of  the 
phase.  The  mean  of  the  values  of  0  I  gives  a  correction 
to  the  formula  of  only  — 5d.3 ;  ami  the  accordance  of  the 
ate  values  is  high  testimony  to  the  skill  of  the  ob- 
servers, to  whom  astronomers  owe  a  deep  debl  of  gratitude 
for  their  laborious  ami  conscientious  work. 

As  additional  confirmation  of  the  law.  I  give  below,  by 

the  side'  of  the  periods  deduced   1 . V   Piof.  Al  BRE(  111    f  1  oin  the 

observations  directly,  the  mean  observed  values,  and  in  the 

last  column   the  the, Helical  periods  according  to  eq.(lo). 

Il     will     be     Been     that     the    observations    and     the     formula 

agree  precisely  in  fixing  the  present  length  of  the  period  at 

lis  7''. 


Berlin  Prague        l'ulk 


i  \ 
!>  B 
I       ( 


|o| 


Mean 


The  abovi 
faithful  representation  which 
complex  oscillations 
to  the  obsen  ations  of  n  e  last   fiftj 
charts  accompany 
law  of  the  relative  molioi 
rotation,  as  established  in  ti 
question  the  cone.  : 


■Using  the  value  of    rs  =  0*.16,    Its  mean  amount  for  the  Interval  1889  03,  from  i 


l.M 
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Some  \'  i\  important  questions  now  arise.  The  relations 
of  i In-  variations  of  latitude  t<>  the  higher  practical  astronomy 
are  vital.  Heretofore  :ill  determinations  ol  the  celestial  co- 
ordinates, and  of  the  various  astronomical  constants,  have 
been  made  on  the  assumption  of  an  invariable  zenith.  It 
will  be  eas\  to  avoid  this  assumption,  by  appropriate  changes 
in  methods,  in  future  determinations,  bul  to  rectify  its  con- 
sequences in  the  past  is  a  problem  which  now  confronts 
astr >iiiv.  aud  will  be  difficult  and  laborious.  A  little  con- 
sideration will  show  thai  these  consequences  reach  further 
than  might  at  first  Bight  be  supposed,  and  that  nearly  every- 
thing  thai  concerns  absolute  astronomical  measurement  must 
have  been  to  :i  greater  or  less  extent  vitiated — equator- 
point,  equinoctial  point,  obliquity  of  tin-  ecliptic,  aberration- 
coefficient,  absolute  measurements  of  parallax,  absolute  sys- 
tems oi'  right-ascensions'  ami  declinations,  and  even,  possibly 
i>\  sensible  amounts,  the  refraction,  nutation,  ami  preces- 
sion constants. 

I'o  examine  the  subject  generally,  let   us  write  equation 

(1-1),  p. 99,  for  the  correction  of  the  periodical  variati t 

latitude,  in  the  general  form*  (19) 

if  =  n— >     =  »-i  cos  [1+  (t—  2\)  0]  +c,  cos (;.  +  ©— G) 

where  /.  is  the  longitude  of  the  place  of  observation,  ami 

the  moti f  rotation,  in  both  terms,  is  taken  from  wesl    to 

east.  This  is  not  a  mere  assumption,  lint  has  been  eon- 
eluded   from  direct  investigation,  although   I   have  not   vet 

given  the  proof  explicitly  in  these  articles;  can  I  stop 

here  to  do  so,  except  merely  to  say  that,  as  regards  the 
first,  or  427-day  term,  the  evidence  of  the  observations  is 
conclusively  unanimous  on  this  point,  independently  of  the 
theoretical  considerations  which  require  it;  and  that,  as  to 
the  annual  term,  the  testimony  is  nearly  as  satisfactory. 
But,  in  any  event,  the  following  inferences  will  not  be  in- 
validated. 

First,  what  will  he  the  effect  on  determinations  of  the 
equinoctial  point?      For  the  sun  we  have,  since   p'  =  0, 

(20)  tan:  sin«  =  tanii     ,     cosetan©  =  tana 
whence,  since     dS  =  d<p, 

(21)  du  =  cot;  sec«  sec'J  8d<p  =  2  cos j  cosee2e  tan©  dc 
No«    /,-  in  eq.  i  19),  taken  a^  a  whole,  has  generally  nearly 

the  same  numerical  values,  hut  opposite  signs,  .-it  the  two 
equinoxes  n(  any  year,  and  may  amount  to  0". 30  with  the 
values  of  the  coefficients  prevailing'during  the  hist  half  cen- 
tury. But  its  coefficient  in  eq. ^21)  also  has  opposite  signs 
at  the  two  equinoxes,  and  is  about  equal  to  cots,  or  2.3. 
The  correction  of  the  equinoctial  point,  determined  from  two 
observations  of  the  sun  at  corresponding  vernal  and  autumnal 
declinations,  may  therefore  amount  to  nearly  O'.Oo  ;  and  the 
same  is  true  of  the  result  from  a. -Combination  of   all  the  ob- 

*  To  avoid  confusion  and  repetition,  the  numbering  of  formulas 
in  tins  ami  the  following  articles  containing  the  rediscussions  of 
the  aberration-constant,  will  be  continued  from  the  previous 
articles  on  the  latitudes. 


servations  at  those  equinoxes.      Let  us,   however,   analyse 

the     effect     of     the     two     terms    of     (19)     separately. 

re:idil\    seen   that    the    eorreeti lue    to    the    lirsl.  or    127-day 

term,    is   partially  eliminated  by  combining    several  years, 
ami  completely,  if  seven  years  observations  are  employed. 
With  tin-  second,  or  annual  term,  the  case  is  far  different 
For    this    alone    equation    (19)    gives,    at    tin-   equinoxes, 
dtp  =  ± >\,  i-ii-i/     '.i.      consequently  a  minimum  value  of 

.  la  =   +  /-..  o  it     Ci IS  '  /. — (?) 
which  becomes 
+  2.:;  r,  cos  G     for ;.  =  0 ;     ±  2.8  •■  sin  G     for  ;.  - 

From  eq.(J5),  p.  100,  G  =  350°.  My  more  recent  de- 
terminations give  a  somewhat  smaller  value,  bill  not  i ._;h 

so  to  affect  the  correctness  of  the  following  inferences  from 
t  he  above  relations. 

The  present  value  of  r,  is  nearly  0".20,  which  was  its 
value  also  after  1840;  for  intermediate  dates  it  was  ap- 
parently much  smaller;  while  at  the  time  of  Bkinki.i  v  and 
Hi:  mh  ii  ii  was  apparently  much  larger,  say  0".40  oi  o"..",n. 
Consequently  it  is  certain  that  mosl  previous  European  de- 
terminations of  the  equinoctial   point   require  a  positivi 

lection  of  a  few  hundredths  of  a  second  of  time,  the  amount 
of  which  depends  on  the  coefficient  of  the  annual  term  of 
the  latitude-variation,  which  we  do  not  yet  fully  know. 
Taken  in  connection  with  the  uneliminated  errors  due  to  the 

427-da\    term,    this   , 'ection    may   amount   to   as   much   as 

+  0".06  in  some  cases.     On  the  contrary,  determinations  in 

the  United  States  would  lie  nearly  free  from  error  of  the 
sort. 

I  am  convinced  that  we  have  here  a  sufficient  and  real 
interpretation  of  the  hitherto  unexplained  discordances 
among  the  various  determinations  of  this  important  zero- 
point  of  right-ascensions.  In  particular  cases  the  discord- 
ances are  about  what  we  should  expect,  both  in  amount  and 
sign,  if  such  is  indeed  their  origin.  Thus  in  the  Pulkowa 
(1865)  equinox,  based  on  nine  years'  solar  observations, 
the  effect  Of  the  127-day  term  is  probably  nearly  eliminated, 
while  the  small  value  of  rs,  0".05  (see  p.  100),  then  prevail- 
ing, would  give  a  correction  of  but  +0'.008.  Its  close  ac- 
cordance with  Netvcomb's  value  from  the  Washington 
observations,  Pulkowa(1865) — Washington  =  — 0'.002, 
i,  therefore  natural.  On  the  other  hand,  we  have.  Pulko- 
wa (  1865)  — Pulkowa  |  1845)  =  +0S.055,  which  may  be  ac- 
counted for  by  the  larger  value  of  rt  about  1845.  Probably 
the  large  difference  Pulkowa(1865) — Greenwich  =  +'  06? 
might  largely  disappear,  on  investigation,  for  the  same 
reason. 

As  regards  the  obliquity,  similar  considerations  show  that 
Jt  =  — r„sin(>L — G),   which  becomes,  nearly, 

+  -jSinG     for  /.  =  0°   ;      ^r,cosG     for  ).  =  ±90" 
so  that  the  obliquity  is  very  nearly  right  from  European  ob- 
servations, but  would  he  too  large,  by  r2 (nearly),  if  found 
from  observation  in  the  United  .States. 


N"  2*1. 
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Another  conclusion  of  extreme  importance  to 

astr niiy  is  thai   tin-  annual  term   in  tin-  variation 

zenith  implies  the  necessary  existence,  in  all  catalogi 
declinations,  of  a  systematic  error  depending  on  the  right- 
ascension,  except  in  northern  stars  where  it  has  been  elimi- 
nated by  observations  al   both  culminations.     Such  a:. 
can  only  he  detected  and  eliminated  by  comparison  of  cata- 
logues constructed  in  widely  different  longitudes.    It  ap 
probable  that  the  terms  of  this  sort    that   appear  in 
systematic  corrections  for  the  Washin  rations,  and 

other  like  cases,  may  he  traced  to  this  source. 

( ine  <>f  the  most  singular  episodes  in  modern  astronomy  i> 
the  retrogression  of  ideas  with  regard  to  the  accuracy  of  our 
knowledge  of  the  constant  of  annual  alienation.     Astrono- 
mers   a    quarter  of   a    century   back,    having   accepted   im- 
plicitly the  result  of  'sua  ve's  class  i  a]   i    -   arch,  shared  his 
expressed  conviction   that  no  other  element   in  astro 
was    known    with    equal    precision.       lie 
inclined  to    believe   further    research    useless.       Even   now 
those    who    have    not    intimately    examined    the    subject    are 
either  resting  in  the  same  sense  of  fancied   si  curity,  or  arc 
unaware  that  it  is  no  longer  the  third  or   the  second  di 
place  which  is  in  question,  hut  that   the  uncertainty  extends 
even  to  the  first,  and  that  in  fact   this  constant  is  nov, 
regarded  as  an  unknown  quantity.     The  each  >ur- 

cessive   iuvestigatiou   of   it  appears  to  widen   the   pos>il>lc 


within  which 
so  that  we  are  now  ealh  d 

that   comprisi 

Nl  KIN- 
'S- which  are  indei 

ire    not    wi 
promising  and  beautiful  metb  n  dif- 

ferent  hands,  20". 447  and  20".494.     It  would  natnri 
expected  that   the  rediscussion  of  the  ex  - 

of  the  zenith,  might  bring  them  into  :,  cord.     Wit 
I  havi  I  months  upon  I 

sion.   includ 

I  or  is  now   appro 

is  in  fact  partly  ready  for  publication  ;  and  will  shortly  ap- 
pear ii. 

of  Alienation."       I 

While  the  anomalous  parallaxes  which    ha-. 
tant  in  somi  :'.  —  the  in- 

accordance  in  the    separate   observatioi  - 
improved,  —  and    marked  chan 
formerly  deduced,  —  it.   must    he    regretfu 
1  he  upshot  of    the  wholl 

sired,  in  point  of  harmony,  an 

aberration-constant,    lint  further coramei 
until  the  vario 


My  observations,  from  1891  .Inly  9  to   1892  Dec.  9,  show 
this  star  to  he  variable  to  the  extent  of  about  two   n 
tudes,  in  a  period  which  is  probably  lone  oi  irregular. 

The  star  is  DM .  :17  1  l"7  ;  7M..s  ;  =  Birmingham  592; 
7".8  :   =  lie-.  I  XXI,  923  ;   8".0  ;  =  Varnall  9765  : 

Its  light  is  intensely  red,  to  in)  eye,  approai  hing  I 
of  a  railway  lantern  :  Mr.  Gore,  in  a  private  letter,  alludes 
to  it  as  ■•  one  of  the  reddest  stars  in  the  sky  ;  "  a  few  com- 
parisons made  after  the  method  described  bj  Chandler  in 
Vol.  VIII  of  this  Journal,  p,  137,  indicate  that  it  is  ill  the 
neighborhood  of  9.0  of  his  scale  of  redness. 

When  lirst  observed  by  me.  1891  July  9,  the  Btar  was 
found  DM..;;  i  in  i.  or  7M.."p ;  a  minimum  followed 
( let.  8,  the  Mar  Being  estimated  as  =  DM.  -"'7  i  100,  or  9*. 8  : 
and  when  last  observed  for  the  season,  1892  Jau.  7.  it  had 
risen  to  7". 8.  Observations  on  it  were  resumed  189 
16,  and  a  maximum  of  7s'. 1  was  observed  abonl  August  s  ; 
when  last  observed,  Dec.  9,  it  was  9a.0. 

As  indicated  h\  my  observations,  the  character  of  the 
variation  is  peculiar  j  intervals ol  stationary  or  -low ly  chang- 
ing light  alternating  w  ith  abrupt  accessions  or  losses,  to  the 
extent,  at  times,  of  a  full  half-magnitude ;  at  both  the  max- 
imum and  minimum  observed  by  me,  the  light-curve  was  very 
Bat. 


OX    A    XKW    VARIABLE    IN  CYGNUS, 

a  =  21h  37      17  .9 

V,\     I'M    I.    S.    VI.XUKI.l.. 

Assembling   Espin's  quota!  I  such 

observations  a.-  I  have  bi  nd,  including  Y  n;\  w  i 's 

original  observations,  kindly  furnisl  i-r.^. 

we  have  the  following  estimati  -  ide. 
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\     28  i 


which  to  found  :ui  estimate  of  period.     It   seems  ■  ■■ 

however,  from  mj  own  observations,  thai  it  must   be  >■ 

than  a  year ;  and  taking  the  indications  of  these,  with  what 
can  be  inferred  from  ih<'  above  table,  an  estimate  of  I7n± 
days  seems  i t  impossible  value;  this  is  also  accor- 
dant with  what  may  be  inferred  from  the  star's  extreme 
redness,  in  consideration  of  the  relation  between  coloi  and 
period,  the  existence  of  which  seems  to  be  demonstrated  by 
Chandi  ik,  in  Vol.  IX.  p.  2,  of  ill  is  Journal. 

The  comparison-stars  used,  with  the  light-scale  and  mag- 
nitudes deduced  from  my  observations,  are  as  follows : 

Dorchester,  Mass.,  L892  Dec.  10. 


Light 


e  =  DM.  37  1  lln 


/.•  = 

b  = 

d  = 

f  = 


87  l  mi 
36°4679 
37°IIO.j 
37  1418 
37  l  I'M 
37   l 100 


II  is  wry  desirable  thai  the  variabi 
be  confirmed  by  other  observers,  and 
determined  by  actual  obsen  a1  ion 


7.2            7.0 

23. 8 

8.0             7.S 

18.0 

7.7              7.« 

1    I.N 

8.2             8.2 

10.8 

8.6 

7.1 

8.8             8.7 

6.0 

9.3             9.8 

0.0 

variability  of  tl 

is  B 
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ANCIENT  CHRONOLOGY   AND   ECLIPSES  — A   REPLY. 

By  W.  T.   LYNN,  B.A.,  F.K.A.S. 


1.  I  do  nut  feel  it  incumbent  upon  me  to  take  up  much 
space  in  replying  to  Mr.  Stockwell's  remarks  in  No.  280 
ii|icni  my  criticisms  in  No.2ol  of  his  earlier  paper.  I  am 
glad  thai  he  has  "disposedof"  my  objections  to  his  own 
satisfaction,  though  I  scarcely  think  thai  he  has  refuted 
them,  or  shown  my  inferences  to  be  erroneous. 

•>.  It  was  unfortunate  thai  Mr.  Stockwell  tuck  the  date 
of  the  death  of  Dakics  from  the  modern  compilation  of 
Roi  lin,  instead  of  referring  to  the  ancient  authorities.  But 
when  I  had  pointed  mil  the  mistake,  il  was  smely  an  odd 
way  of  writing  to  say  that  he  has  found  the  true  date  was 
in  the  Olympic  year  following  the  one  he  had  supposed.  It 
was  only  in  reference  to  this  that  I  stated  that,  according 
to  his  own  statement  (from  Rollin)  of  date,  the  conclu- 
sion would  he  the  opposite  to  that  which  he  had  drawn  re- 
specting the  year  of  the  battle  of  Arliela.  Too  much  has 
probably  already  been  said  about  Calpornia's  night-mare. 
I  certainly  never  maintained,  nor  did  Pltjtaki  ii  say,  that  her 
slumbers  were  disturbed  by  tile  light  of  the  moon.  What  he 
says  ( and  it  must  be  remembered  he  was  not  a  contemporary) 
is  that  she  was  disturbed  by  the  doors  and  windows  flying 
open,  and  Caesar  saw  her  by  the  light  of  the  moon,  which 
he  might  well  do  if  the  large  waning  crescent  were  rising 
and  shining  into  the  room.  I  should  think  more  of  Mr. 
Sto<  swell's  argument  in  regard  to  the  Spanish  War.  had 
the  account  been  written  by  Caesar  himself,  or  by  some  one 
equalling  him  in  perspicuity,  in  which  the  actual  writer  much 
fails. 

3.  But  I  do  not  wish  to  go  over  ground  again  which  I 
have  already  sufficiently  traversed.  It  appears  to  me  that 
the  Roman  history  of  the  first  century  has  been  too  carefully 
mapped  out  to  admit  of  the  alterations  of  date  suggested  by 
Mr.  Stockwell.     My   principal    concern   now   is   with  the 


•■  perfectly  satisfactory  and  triumphant  confirmation  "  which 
he  derives  for  his  views  from  the  so-called  eclipse  of  Phlegon. 
Now.  as  Mr.  Jarvis  points  out,  there  is  uncertainty  a-  to  the 
Olympic  year  mentioned  by  Phlegon,  of  whose  writings  frag- 
ments only  are  extant.  Mr.  Stockwell  says  "the  earliest 
dale  given  is  by  John  Philoponos,"  and  this  is  certainly 
true,  but  an  incautious  reader  might  think  he  ineanl  the 
earliest  authority.  Not  only  do  mosf  of  the  authorities  give 
the  fourth,  not  the  second  (one  gives  the  third)  year  of  the 
202d  Olympiad,  but  PHILOPONDS  himself  gives  in  another 
place  in  the  same  chapter  ( De  Mundi  Creatione, ttb.  ii.e.  21) 
the  fourth  year.  [This  is  quoted  by  Lardner,  who  oddly 
enough  says  that  the  former  passage  makes  it  the  I02d 
Olympiad,  though  he  quotes  the  Greek  correctly  as  the  l>o-_m 
in  a  note.]  There  can  be  little  doubt,  therefore,  as  Mr. 
J.w:\  [S  says,  that  the  fourth  year  of  the  202d  *  olympiad  "  is 
most  probably  the  true  reading."  This  would  correspond 
to  A.D.  32,  or,  according  to  Mr.  Stockwell,  A.D.  31,  in 
neither  of  which  years  was  there  a  total  eclipse  of  the  sun. 

4.  I  shall  not  touch  here  upon  the  latter  part  of  Mr. 
Stockwell's  paper,  as  I  am  only  concerned  with  eclipses. 
His  calculation  of  the  conjunction  of  Jupiter  and  Venus  in 
B.C.  0  is  interesting  :  but  I  must  say  I  cannot  see  how  such 
a  phenomenon  could  constitute  the  "star  of  the  Magi." 
which  moved  before  them,  and  ultimately  appealed  to  stand 
over  a  house'.  Nor  can  I  reconcile  Christ's  birth  in  B.C. 6, 
and  death  in  A.D.  33,  with  Luke  iii,  23.  I  believe  the 
Crucifixion  took  place  on  April  7.  in  A.D.  30,  and  the  Pas- 
chal full  moon  the  day  before,  i.e.  Thursday.  But  these 
questions  cannot  well  be  discussed  in  detail  in  the  columns 
of  the  Astronomical  Journal,  and  I  must  apologize  for  tak- 
ing up  too  much  space  already. 


Blackheath,  S.E.  England,  1892  Dec.  2. 


N°-284. 


THE     ASTRONOMICAL    JOURNAL. 


OBSERVATIONS    OF    COMETS, 

MADE    n     I  III     ll  m  ,,;y 
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mnicateil   bj 


1892  i  lambridge  M.T. 


No. 
Comp. 


Ja        I         JS 


i  1892. 
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18 

13  59   10 

1 

24 

11     4   17 

2 
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15 

12   21    10 

3 
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20 

10  52   46 

4 

23 

11    18  51 

5 
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2 

10  31   46 

6 

27 

8   15     8 

7 

+  1  28.30 
r  2  30.91 
—  1  58.59 
—2  8.52 
—3  19,21 
18,12 
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—  1 
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•  5  9.6 

f  3  18.6 

+  0  17.0 

—  3  33.1 
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58.27 

0  22 

1  2     1.07 
1     3     9.71 

0     8     2.11 


Sept.     1     13     5   12  8 

2     14  58   13    |       9 


Oct.     19       s  26  2u         Ki 


Dec.       7       8  22  50    I     11 

9       8  31    12  12 


(  ..mi  i  d  1892. 
— 0  32.39  I  +  0  37.4 
—0  20.64  |   +   5 

+  1     8.21  j   4-   ;»    P.'.:. 

f  1892. 

+  n  59.65      —  2   12.5 
+  0  33.61       +   2  23.1 


9      1.66 
11   42.48 


i      2.9 
2  :il.l 


19    16  59.81   I   +10   is  2 


0  46 


1.81 
0.57 


•    --'2.1         '.M.'.  I 
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Mean   Places  for  1892.0  of  Comparison- Stars. 

Red.  m 

8 

* 

a 

app.  place 

app.  place 

Au  til. 

1 

32.89 

—  0.42 

4-31    26     5.1 

—  12.1 

W  ■    - 

2 

2.".  :;i  27.72 

—0.36 

+  31    2  1    3 

—  2.0 

.. 

3 

0  24   41.82 

0.00 

4-42  .".2   24.9 

—  9.1 

B.B.  VI,  4 

4 

1     4  11.48 

+  1.11 

+  50  26    13.9 

—  3.0 

Oe.  Ail:.    1 

5 

1      6  27.68 

+  1  24 

+  51      1    ;,.",.  1 

—  3.7 

••      1221.2 

6 

0  41   ii.:.; 

■  32    16.9 

■■     734 

7 

0     7      1.40 

+  2.93 

+  18  ::  I 

+  17.1 

.. 

8 

6     !»  34.36 

—0.31 

11   35     9.4 

w, 

9 

6   12     3.31 

—0.19 

+  31    21 

1      I.  1 

.. 

10 

19  45  50.05 

t  1.52 

+  10     8  55.4 

SIX,  1118 

11 

0    11      2.11 

4  2.72 

IL'.O 

B  i;  vi, 

12 

'0  45   24.26 

+  35   15  30 

VVeis 
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\i  ii. i    wnii   i  in  >  row  u   ov  i  in    i  ii 

By  E.    E.   BARNARD. 


1892  Mt.  Hamilton  M.T. 
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1 
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—O    5^.  15 
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.      > 
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Mean   Places  for  1892.0  of  Comparison- Stars. 


* 

a 

app.  place 

8 

Authority 

1 

2 

3 

4 

i   16. 
19   55    15.62 
21    12  26.65 

I 
■   I   54 
+  1.54 
+  1.72 

1  9    10     7.1 
t  8  29.1 
i  8    15    16.4 
—0   17     0.9 

I  8.5 
I  8.0 

'.so 

•  -.1 

llerup  7740 
10" 

Lalande  88199 
Schjellerup  8605  (p.m.  Dot  applied) 

*  j«  measured  direcl . 
Cornel  verj  fainl  in  all  the  observations.        Nov.  21,  excessively  fainl  and  diluted.     Further  observations  will  be  impossible. 

I//.  Hamilton,  1892  Nov.  26. 
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MADE  AT  THE    HAVERFORD  C 1GE   OBSERVATORY     WI1 I      10-INCH    BQ\    LTORIAL, 

By  WM.   II.  COLLINS   ind  GEO.   L.  JONES. 


No 

#- 

-* 

6/'s  apparent 

iogpA 

Oba 

1802  Have 

ford  M.T. 
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2 
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n9.652 

c 

21 

11  31     9 

5 

1(1  ,  5 

+0  20.74 

—0     ."..1 

(i  42   11.20 

+  :!7     2  52-0 

»9.59  1 
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.1 

23 
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0  42      1.00 
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.1 

Mean   Places  for  1892.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

RecT  tn 
app.  place 

Authority 

1 

0  50  45.48 

+  2.98 

+  37  54  48.7 

+  26.4 

American  Epbemeris  1892 

2 

0  46  56.43 

+  2.98 

+  37  57  44.4 

+  26.4 

Yarnall  (F.)  450 

3 

0  45   16.32 

+  2.95 

+  37  27   20.4 

+  26.6 

Weisse's  Bessel  0,1116 

4 

ii    13   .".7.57 

+  2.95 

+  37  36  58.9 

+  26.6 

Lalande  1323 

5 

0    11     17. Co 

+  2.86 

+  37     2   28.2 

1  26  9 

Weisse's  Bessel  0,1029 

6 

4<   32.29 

+  2.90 

+  36  50     0.4 

+  27.3 

Weisse's  Bessel  0, 1 172 

Observation  of  Nov.  23  stopped  by  clouds. 
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MADE    AT    THE    DUDLEY    OBSERVATORY,    ALBANY, 

By  W.   0.   LAY. 


1892  Albany  M.T. 
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20       6  33  10 

Dec.    9      11   28  U 
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15     10  23  56 

10     0  50 

20       8  35  57 
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— 0  20.4 

+  1   45.5 

+  0  50.7 
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# 
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a 
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0   46  6.86 
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0  53  11.72 


+  :!7  21   37.2 
+  37   10  41.3 


+  35    18  45.6 


+  34  49   44.1 
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log  /'A 

for  a       I     for.! 
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-i9.459  0.148 

9.663  .    .    . 

.    .    .  0.434 

9.601  .    .    . 

.    .    .  0.338 
9.360   i   0.202 
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Mt  a  a   Plact  s  for  1  391 

'..')  of   <  '< 

miparison- Stars. 

* 

a 
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1 

2 
3 
4 
5 

1.87 

0  44   29.00 
0  45   24.60 
0  50  59.36 

i)  ;,  I     6.32 

+2*91 
+2.89 
+  2.71 
+  2.66 
1  2.65 

+  :;7    19  2 
+  ::!7   10  34.7 
+  ;i^    15   31.9 
+34    18  25.4 
:  i    26  56.2 

+  28.2 

Compared  with  LI 

I, in 
Luu 

Note. —  *  1 —Lai.  1384 :     da  =  —  2m  11'.91 ;     Jd  =  — : 
i  in  December  20,  the  comet  appeared  like   an   extremely  faint   star   slightly  out  of    focns.     Under  faintly  illuminated  t: 
appeared  Dearly  as  bright. 
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r.v  j.  G.  pi  »i 
I  send  two  observations  of  Comet  g  1892,  which  seems  to  be  running  away   from  tbe  ephemeris. 


1892  Cincinnati  M.T. 
Dec. 


No. 
Comp. 


la 


/8 


i|  arent 


17  15  38   16 

1               8,6—0  58.01          +13    10.4 

20  13     0  23 

2            10,8      — 0    1  1.57         +    .".   19.7 

Mean   Places  for  1892.0  of  Con 

*                a 

Reduction                    S 

1        14     2      1 

.83 

+  1.34                15   17  37.0         —26.2 

2       14   17   In 

.57 

+  1.22            +  in     3  42.9          —  27.7 

From    the  observations    al    Cambridge,  Nov.  21,  Cincin- 
nati, Nov.  30  and  Dec.  1,  1  find  the  following  elements. 

These  represent  the  observation  of  December  20,  as  fol- 
lows : 

(O-C) 
Aa  =  +88,         JS  =   +0'.4 


14     1     5.16     +S5  30  51.2 
II    16  32.22     +40     8  34 


Lund  A.<i.  2  hikI  Pu   I 
Weissi  's  Bessi  I  \1\ 

T  —  1893  Jan.  6.4710  Berlin  M    1  - 


<„  =     84    15.6") 

a  =  '85  - 

i  =   1  13  3 


logo  =  O.i  ' 


Gr  M.T. 

App. 

app..) 

log  r 

log  a 

Jan.     1") 

L6    II 

55 

+  62   19.6 

2.5 

17    Id 

14 

63  45.3 

3.5 

17  38 

13 

6  l   ■".  i  .  -' 

.0789 

4.". 

-     8 

13 

65  37.4 

5.5 

18  39 

16 

66     1.8 

6  5 

19    10 

31 

7.5 

19    in 

51 

.0786 

.8572 

8.5 

20     9 

in 

9.5 

20  35 

23 

64      II 

.0789 

10.5 

20  58 

16 

62    19.9 

1  1.5 

21    19 

31 

+  61    28.6 

9.8845 
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Bi    GEO.   E.   WIIITAKKK. 
ii  Elements  by 
Br. 


7.;: 


6.4 


'rof.  J.  G.  1 

Gr.  M   r. 

Jan.  12.5 
13.5 

21 

14.5 
15.5 

22 

i  '   1 2 

- 

16.5 
17.5 

•_>•.'  31      7 
10  45 

1 8 .  •"> 

19  22 
22 

21.5 

23 

in  21 

m:\\     A.STEROIDS 

Prof.  Kredtz  sends  notice  of  two  more  small  planets  photographed  by  (  habloh        K 
other  Dec.  9  and  10.     Thej  were  observed  as  follows : 

S.         Dec.  in,     7'  51m.4  Nice  M.T.        « 

l .  on,  —15'  in  it.  -  '-"  in  8. 

T.  Dee.    11.  Ce   Ml 

Daily  motion,  —18'  in  «,  .  0'  in  8.  i'1"- 
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ASTRONOMICAL   JOURNAL    PRIZES. 

A  gentleman,  earnestly  interested  in  tbe  development  and  progress  of  astronomy  in  bis  native  land,  lias  authorized  the 
editor  of  tbis  Journal  to  offer  two  prizes,  for  resident  citizens  of  the  [Jnited  States. 

He  expresses  tbe  bope  that  it  may  be  possible  to  offer  similar  prizes  in  subsequent  years,  although  only  two  are 
proposed  at   present,  tbe  requisite  amount   for  these  having  been  placed  at  the  editor's  disposal. 

They  will  be  known  as  Astronomical  Journal  Prizes,  and  will  be  given  either  in  money,  or  in  the  form  of  a  suitable 
gold  medal  of  the  value  of  two  hundred  dollars,  with  the  remainder,  it'  any,  i y,  al  the  option  <>f  tbe  recipient. 

Tbe  awards  will  be  made  by  a  commission  of  three  judges,  to  be  selected  from  American  astronomers,  and  their  names 
to  i"'  announced  in  due  time. 

The  prizes  now  offered  are  for  researches  tending  to  advance  our  knowledge  of  cometary  orliits.  and  are  these. 

I. 

For  tbe  observer  making  the  best  series  of  determinations  of  the  positions  of  comets  during  the  year  ending  on  the 
thirty-first  of  March,  1894,  a  prize  of  two  hundred  dollars.  The  conditions  to  be  considered  in  the  award  will  be  tbe 
accuracy  of  measurement  and  reduction,  tbe  number  of  the  observations  and  their  judicious  distribution  along  the  geo- 
centric paths,  and  the  promptitude  of  their  publication.  To  equalize  the  claims  of  observers,  due  allowance  will  lie 
made  i\.r  the  different  optical  powers  of  the  telescopes  used.  Also,  since  there  seems  to  have  been  :i  tendency  to  ni  j 
such  comets  as  are  observable  only  in  the  morning,  regard  is  to  be  had,  in  the  award,  to  the  especial  usefulness  of 
observations  made  at  inconvenient  hours. 

II. 

For  the  best  discussion  of  the  path  of  a  periodic  comet,  with  due  regard  to  its  perturbations,  of  the  kind  ordinarily 
known  as  the  definitive  determination  of  the  orbit,  :i  prize  of  four  hundred  dollars.  The  investigation  must,  however, 
have  been  made  within  the  two  years  next  preceding  1894  Sept.  1 ;  and  the  manuscript  (which  will  he  returned  to  the 
author)  transmitted,  not  later  than  that  date,  to  some  one  of  the  judges. 


In  these  awards  it  will  be  left  to  the  discretion  of  the  judges  to  decide  whether  in  case  of  uncertainty  on  account 
of  nearly  equal  claims  of  two  candidates,  either  of  the  prizes  ought  to  he  divided.  Also,  iu  case  that  either  award  should 
not.  in  their  opinion,  he  fully  justified,  they  will  be  authorized  to  withhold  the  same ;  in  which  event  it  will  he  offered 
again,  under  the  same  conditions,  for  the  next  ensuing  year. 

Should  similar  prizes  tie  offered  in  the  coming  year,  it  is  intended  that  one  of  them  shall  be  for  the  best  series  of 
determinations  of  maxima  and  minima  of  variable  stars  during  the  years  1893  and  1894. 


A   CORRECTION. 


A  remark  of  Dr.  Bauschinger  calls  my  attention  to  an  error  in  my  observation  of  Comet  <!  1889    Brooks   ;  see  A.J.,  no.  209,  p.  186 

The  value  of  j„  should  be  — lm  26a.67  ami  hence  a  =  0h  15"'  12s.82.     This  correction  had  already  been  made  in  tbe  observing  book 
and  I  regret  it  was  not  published  before. 

1892  Decembers.  A.HALL. 

CORRIGENDUM. 

V>.  279,  p.  115,  col.  2,  value  of  B,  the  factor  in  brackets  should  be  squared. 
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ti\  a  New  Variable  in  C'yoncs.  by  Mr.  Paul  s.  Ykxdki.l. 
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MICROMETER    MEASURES   OF   THE    FIFTH    SATELLITE   OF   JUPITER, 

MADE    WITH     IUI     36-ISCU    EQUATORIA]     OF    I  UK    LICK    OBSERVATORY, 

B-J   E.   E.   BARNARD. 

J.   No.  275. 
In  the  Astronomical  Journal,  No. 275,  I  have  given  a  his-      taken  as  a  criticis 
torical  account   of    the   discovery  of   the   fifth   satellite  of      exposed    position    that    Mt.  Ham; 
along  with    a    sot   of   micrometer    measures  of  it-      winds  prevailing  night  after  night  I 


position   mi    the    dates.    Sept.  9,  10,  11.  12,  13,  14  and  16, 
1892. 

These  measures   I  have  continued  when  the  opportunity 
afforded.     They  have    all    been    made    through   a   piece  of 

ed  mica  placed  in  front  of  the  field  lens  of  tin 
piece. 

Believini:  that  observations  of  the  satellite,  for  this  year 


of  the    observing  weathei    here.     When  it  is  n 

face  the>e  winds.     -  the  case  in  n 

vatious  of  this  new  satellite  ol 

the   telescope   exposed   to   them  can-    - 

of  the  tube,  the  image  oscillating  almost  continually  ■ 

spare  of  from   In"  to  40*  or  50*  in  extent       It     - 

very  difficult,  and  often  impossible,  to  I    - 


at  least,  would  rest  almost  alone  upon  my  efforts,   1   have      separated  by  a  half  minnte  or  mi 

secured  as  many  measures  i    upon  the  nights  that         This    - 

I   have  observed  it.     By  so   doing,   the    satellite  has  been      that  may  lead  to  eliminating 


observed   throughout   a   huge   portion   of   its  orbit. 
measures  I  give  in  detail,  as  hereafter  all  the  investigations 
of  the  motion  of  t he  satellite  will  doubtless  rest  entirely  on 
them  as  a  basis. 

Under  favorable  conditions  a  single-  measure  ol   the  satel- 
lite's position  with  the  great   telescope  could  be  made  with 
an  accuracy  considerably  under  a  second  of  arc.     The  deli- 
and  adjustable  illumination  of  the  wires  by  Burhhah*s 
method  permits  the  most  accurate  bisection  of  the  faintest 

Object  that  can  be  seen. 

Iii  observing  with  a  great   telescope,   however,  there  are 
other  things  to  be  taken  into  account   besides  the  difficulty 
ing  the  object  and  of  properly  illuminating  the 
greatest  enemy  here  to  accurate  measures  is  the  wind. 
This  is  to  he  more  dreaded  even,  where  the  distai  ce  is 


will  he  valuable.      I  would  tin 
struction    of   domes    for  large  refi 

screen    be    introduced    in    the 

direct  wind  from  the  tube — tl 

able.     This  is  not  a  difficult  t; 

vas   curtains   rum 

wires  would  be  serviceable, 

from  a  roll  at  the  i  lome  —  an\  • 

direct    impact    of    the    wind    upon    the    tube.       In    bui 
new     dome,    a    thin    sheet    steel    apron    Ol     shllttl 

arranged,  with  suitable  machinery,  to  run  up  ■ 

le  of  the  o 
than  half   way  up,  it  would  be  of   ini 
On: 


and  where  the  eye  cannot   take  in  both  objects  at   the  same  through  tin 

glance,   than   when   the   distance   is    very  small,   especially  ing  had  adj   - 

where  one  of  the  objects  is  faint.  nine-tenths 

The  vast  amount  of  work,  and  the  accuracy  of  the  results  of  wind,  could  be  sax 
obtained  by  the  indefatigable  labors  of  Mr.  Burnham  with         Mr.  Burnhaw 

the  86-iuch,   have  already   shown  the  world  thai   the  great  by  selecliug 

Lick  Refractor  is  not  onlj  the  most   powerful  I sope  in  the  wind,      this  cam. 

existence.  I.ul   thai   it   is  als >e  of  the  most   perfect,  and  my  then 

own  experience  with  it   leads  me  to  corroborate  this  testi-  obsi 

inony.     Therefore  the  following  remarkB  must  in  no  wise  be         In   the  observations    I 
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measured  the  equatorial  aud  polar  diameters  of  Jupiter  (by 
the  method  of  double  distances)  for  use  in  deducing  the 
Jo\  icentric  distances  and  latitudes  of  the  satellite. 

These  measures  afford  us  a  new  determination  of  the 
Jovian  diameters,  and  I  have  collected  them  here,  and  have 
also  reduced  the  apparent  measures  to  distance  5.20  for 
comparison. 

Perhaps  it  would  have  been  better  to  have  used  the  final 
values  of  the  diameters  from  my  observations  in  reducing 
all  the  measures  of  the  position  of  the  satellite,  bul  I  have 
thought  perhaps  ii  would  be  best  to  let  them  stand, based  as 
they  are,  upon  the  diameter-measures  for  the  night,  as  every- 
thing would  then  rest  upon  the  same  couditions  for  seeing, 
etc.,  belonging  to  the  nightof  observation. 

The  diameters  are  not  corrected  for  phase. 


Observed    Equatorial  and  Polar    Diameters  oi   Jupiter. 


Equator 

al  Diam. 

Polar 

Diam. 

Appt. 

A  ppt. 

5.20 

Sept.  10 

h 

1  1.5 

18.93 

38.47 

" 

ll 

13.5 

19.1  1 

38.54 

12 

1   1.0 

is. 97 

38.33 

46.01 

36.01 

13 

12.5 

46.10 

36.03 

14 

12.0 

19. IS 

38.34 

16.03 

35.83 

16 

12.0 

19.98 

38.85 

16.57 

36  20 

23 

11.5 

50.24 

38  64 

17.:;,; 

36.42 

25 

17.0 

50.26 

38.50 

27 

12.5 

17.2.-, 

36.17 

Oct.      1 

13.0 

50.26 

38.34 

2 

13.0 

.",0.20 

38.30 

7 

10.0-1-1.0 

50.51 

38.42 

46.93 

35.70 

9 

1  1.5 

50.80 

38.62 

16 

12.5-1  l.o 

50.25 

38.25 

18.13 

36.64 

21 

1  1.0 

19.95 

38.1  1 

16.90 

35.81 

23 

i  o.o 

19.81 

38.07 

46.85 

35.80 

28 

!i. -2-1 0.2 

18.89 

38.38 

16.66 

35.90 

Nov.    4 

8.7-  9.5 

r.us 

38  25 

15.87 

35.68 

6 

9.0 

19.1.". 

38.45 

.    . 

11 

8.0 

is.;,:: 

38.35 

45.93 

36.30 

13 

8.0 

IS.  29 

38  27 

•20 

8.5-  7.7 

17.  in 

38.15 

44.72 

35.99 

38.382 

36.034 

±0.028 

±0.051 

The  probable  error  of  :i  single  determination  being  0".13 
and  0".  1  9  respectively. 

The  above  measures,  excepl  Sept.  10-11,  were  made 
through    smoked    mica.     They   give    for    the  diameters    of 

Jupiter  the  following-  values  : 

Equatorial  diameter  89790±65  miles. 
Polar  diameter  84300±80  miles. 

I  had  previously  measured  the  diameters  of  the  planet 
with  the  great  telescope,  and  insert  them  separately  here,  as 
thev  were  not  made  through  any  obscuring  medium. 


Observed  Eqi  itoriai    ind    Polar  Diameters  "i   Jupiter. 


1892 

Equatorial  Diam 

Polar  Diam. 

Appt. 

Appt.         5.20 

July  8 

ii 

10.4  1 

88.19 

36.37 

15 

5.7 

11.37 

38.55 

22 

5.6 

12.27 

38.52 

39.87 

36.84 

29 

5.0 

13.00 

38.31 

10.85 

36.40 

Aug.  :• 

;,..-> 

11. OS 

38.40 

I  1.58 

12 

5.5 

14.78 

38.16 

12.83 

38.410 

I  hi  bc  Lii\  e  for  the  diameters  of  Jupiter, 

Equatorial  diametet  89860  miles. 
Polar  diameter  8508 iles. 

From  the  numerous  determinations  of  the  parallel  ol  tbe 

belts,  I  have  deduced  the  following  position-angles  of  planet's 
equator,  which  will  give  an  independent  value  for  this  quan- 
tity, for  the  final  investigation  of  the  orbil  of  the  satellite. 

They  were  made  in  nearly  every  case  when  the  planet 
was  in.t  far  from  the  meridian,  and  as  the  parallel  WSfl 
determined  near  the  point  of  observation,  they  hence  need 
no  con  ectioil  for  refraction. 

I   have  collected  I  hese  ol  i-ei  \  a  I  ions  lielow  : 

Observed  Position-Angles  of  mi.  Belts  oi  Jupiter,  1892. 

Sept. 


Nov. 


Oct. 


10 

67.1 

3  obs. 

11 

66.7 

:>  ohs. 

12 
13 

66.6 
67.  1 

5  . ill-. 
l  obs. 

II 

(17.0 

;;  oils. 

1G 

GG.8 

1  obs. 

23 

G7.1 

1   olis. 

25 

c,t\.:, 

1   obs. 

27 

66.5 

2  obs. 

1 

66.5 

1    obs. 

2 

G7.0 

I  obs. 

7 

6G.8 

2  obs. 

Dec. 


9 

66  9 

:;  obs 

1G 

66.6 

2  obs 

21 

66.7 

•j  obs 

23 

66.2 

i  obs 

28 

G6.1 

1  olis 

I 

66.2 

:;  obs 

G 

65.7 

._i   obs 

1  1 

65.5 

1  olis 

13 

65.6 

4  obs 

18 

66.6 

i  obs 

20 

65.2 

4  obs 

16 

65.6 

1    oh. 

I  have  collected  in  a  table  here  the  different  values  of  the 
coincidence  of  the  threads  of  the  micrometer  as  determined 

during   the   observations   of    the   satellite,   and   Used    in    the 
reduction  of  the  measures. 


Sept.  23 


•let. 


29.009 


2.") 

29.009 

27 

21'. Olis 

1 

29.008 

2 

29.01  1 

7 

29.01  1 

9 

29.001 

16 

28.993 

17 

28.994 

Oct.      21 


Nov 


29.005 


23 

29.012 

28 

29.01] 

4 

29.011 

6 

29.309 

11 

29.299 

13 

29.299 

IS 

29  291 

20 

29.211 1 

The  observations  which  follow  are  all  in  Standard  Pacific 
Time,  which  is  8  hours  slow  of  Greenwich,  and  consequently 
the  Greenwich  Mean  Time  is  obtained  by  simply  adding  8 
hours  to  the  recorded  limes. 

In  all  the  observations  the  polar  distances  were  measured 
by  first  placing  the  wires  carefully   parallel   to  the  belts  of 
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Jupiter.  The  values  U,J  are  simply  the  differences  between 
the  polar  distance  of  the  satellite  and  tin-  measured  semi- 
polar  diameter. 

The  distances  from  the  following  and  preceding  limbs  were 
made  by  placing  the  wires  perpendicular  to  the  belts  by  aid 
of  i  In-  position-circle. 

No  correction  for  refraction  has  been  applied  to  any  of 
i he  measures.  It  is  mostly  insensible,  anil  scarcely  exceeds 
0". in  in  the  extreme  cases. 

September  2.".. 
F  1*9111  North  li ml i  —  (Satellite  fo 


Following.  - 

From  E.  Hid 


12  in  :;■_' 

12  II    37 

12  12    17 

12  13  52 


in     8 

5 

31.189 

21.59 

_j_ 

2.09 

li)   in 

15 

31.175 

21.4  5 

2.23 

Hi   11 

4o 

31.162 

21.32 

2.36 

in    18 

2 

31.14  5 

21.1  5 

10   15 

10 

31.089 
From  Soul 

20.6  1 

h  line. 

+ 

;;  08 

in    17 

20 

26.425 

25.59 

+ 

1.91 

in    19 

50 

26.4  12 

25.42 

1.71 

11)   22 

57 

26  535 

24.50 

0.82 

in   25 

20 

26.  181 

25.03 

1.35 

in  29 

15 

26.518 
From  Shu 

24.67 

1  limb. 

+* 

0.99 

12  36 

12 

22.54 

— 

1.1  1 

12  37 

11 

26.759 

22.28 

1.40 

1*.'  39 

12 

26.725 

22.C.  2 

— 

1.06 

From  North  limb 
31.61  1 
31.439 
31.511 
31.382 


25.79 
24.06 
24.77 
23.50 


—  2.11 
0.38 

—  1.09 
+  0.18 


Sept.  23. 


I  23  7 

1  24  6 

I  24  55 

1  25  -"'7 

I  32  30 

1  ;;:;  12 

l  35  15 

1  35  42 

l  39  17 

l  ll  32 

1  42  52 

1  15  32 

1  17  17 

I  18  52 

1  50  57 

I  52  12 

1  53  42 

1  57  2 

1  57  -''7 

1  59  12 

2  0  17 
2  I  2 
2  7  17 
2  9  22 
2  10  22 
2  I  1  35 
2  16  17 
2  17  29 

2  23  12 

Seeing  1 


25.  243 
25.327 

25.251 
25.209 
25.31  I 
25.  2  1 7 

25.25:; 
25.195 

25.299 
25.180 
25.251 

*J  ."..IMS 

25.  273 
25.425 
25.345 
25.265 
25.478 
25.265 

25.453 
25.491 
25.535 
25.624 
25.644 
25.7 
ry  poor.     Ili^'li 


37.21 

37.19 

117.77 

36.74 
37.91 
37.21 
37.03 
37.24 

35.21 
34.84 
34.40 

33.32 

wind. 


Satellite  following. 

I 

com  E.  linih     From  center 

in    11    50 

25.878 

31.00 

56.12 

10  43  45 

25.  si  111 

111.77 

10    15     0 

25.861 

3 1.17 

56.29 

in    16  25 

25.7117 

31.80 

56.92 

in    is   10 

25.830 

31.  is 

56  60 

10    1!)   45 

26.768 

32.09 

5  7.21 

10   52    13 

25.630 

33.46 

58.58 

in  .".1    15 

25.659 

33.17 

58.29 

10  .-,7  10 

2  5.  ills 

83.58 

58.70 

lo  58  27 

25.560 

34.15 

5H.2  7 

11       1    14 

25.  135 

35.39 

1 1     5  50 

25.410 

35.64 

60.76 

11     s    10 

25.436 

35.39 

60.51 

11      9  55 

25.100 

.",5.7  1 

60.86 

1 1    1  I    2.*! 

25. 128 

35.46 

11    12  29 

25.1111 

36  82 

61.44 

11    18    10 

25.1171 

36.02 

61.14 

11    15  32 

25.247 

.",7.25 

62.87 

11    16   10 

25.2  75 

11    16    15 

25.2  15 

l',7.2  7 

62.39 

11    17  42 

25.1125 

86.  18 

111  60 

11    is    10 

25.356 

.",(',.17 

61.29 

11    21    17 

2  5. 2T.  5 

87.07 

62.19 

1 1    22     8 

25.nn; 

87.76 

62.88 

s  25. 

Satellite  preceding. 

From  W.  limb 


16  12  15 

Id  is  10 

in  50  1" 

ir,  51  55 

16  53  50 

16  5  7  20 

17  19  50 


112.271 
32.480 
32.458 
32.633 
32.410 

82  881 


34.37 
85.61 


112.11 
112.11' 


From 

.-.1 


5ept.  25.     Satellite  very  faint.    Through 


S 

From  N 

orlh  limb 

...    |n     b 

31.181           21.52 

+ 

fl    19   26 

31.09 

9  50  58 

31.196          21.67 

9  51    is 

81.205          21.76 

9  5.",     :*. 

.".1.177 

From  s.Mii h  limb. 

+ 

2.1  1 

■1  54   .■•.."> 

LIS 

+ 

2   12 

9  :•:>  85 

'.'  56  20 

1.57 

9   5  7    18 

26  160 

1.61 

9  58   10 

+ 
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N°  285. 


E  pom  North  limb. 


II 


in     1  48     1 

31.175 

21.46 

+    2.16 

10     7  58 

31.132 

21.08 

2.59 

111        ,N      l,S 

31.271 

22.41 

1.21 

10     9  48 

81.234 

22.04 

1.58 

in   in  38 

31.277 

2  2.17 

4-    1.15 

from  Sout] 

Limb. 

in   13  48 

26.383 

25.99 

+    2.37 

in   1 1   28 

26.506 

21.77 

1.15 

in   15  23 

26.  165 

25.  is 

1.56 

Ki   16  23 

26.389 

25.93 

2.31 

10  1(1  53 

26.157 

25.26 

+    1.64 

From  Nortl 

i  limb. 

12   18   10 

81.61  1 

25.80 

—  2.18 

12   15  25 

31.529 

24.96 

1.34 

12   17  ."».") 

x  31.598 

25.05 

2.03 

12  l:i     5 

31. 607 

25.78 

2.11 

12  20     5 

31.639 

20.05 

—  2.48    ■ 

From  Sout 

i  limb. 

12  21  ."hi 

26.862 

21.25 

—  2.37 

12  22  37 

26.875 

21.1  2 

2.50 

12  23  32 

26.851 

21.00 

2.26 

12  24   20 

26  835 

21.52 

2.10 

12  25  25 

26.791 

21 .95 

-   1.67 

From  Soul 

>  limb. 

L2  39  40 

26.861 

21. 26 

—  2.36 

12  4  1   20 

26.943 

20.  15 

3.17 

12  42  25 

26.908 

20.84 

2.7  s 

12  44   27 

26.978 

20.10 

—  3.52 

From  Nort 

i  limb. 

12    10     5 

.".  1.710 

26.76 

—  3.14 

12  48   12 

31.722 

26.87 

3.25 

12  4!)   50 

31.663 

26.29 

2.67 

12   51    10 

31.764 

27.2H 

3.67 

12   51    50 

31.718 

20.  s.", 

-   3.21 

Satellite  fo 

lowing. 

I 

nun  E.  lim 

i     From  center 

10  22  48 

32.295 

32.55 

5  7.72 

1(1   2  1    11 

32.199 

31.00 

56.77 

10  25   10 

32.300 

32.60 

57.77 

10  26   25 

32.035 

32.94 

58.11 

10  28     0 

32.403 

30.02 

58.79 

10  29     8 

32.406 

33.65 

58.82 

10  30  23 

32.120 

33.79 

58  96 

K)  31    18 

32.374 

33.33 

58.50 

10  32  30 

32.481 

34.39 

59.56 

10  33  23 

32.441 

33.99 

59.16 

10  34  33 

32.399 

33.58 

58.75 

10  35  41 

32.465 

34.23 

59.40 

10  37  33 

32.513 

34  71 

59.88 

10  38  40 

32.562 

35.19 

60.36 

10  40     5 

32. 58  5 

35.42 

60.59 

10  41  2:> 

32.674 

36.30 

61.47 

10  42  33 

32.554 

35.11 

60.28 

10  43  53 

32.612 

35.69 

60.86 

10  46  15 

32.682 

36.38 

61.55 

10  50  11 

32.724 

36.80 

61.97 

10  51   50 

32.675 

36.31 

61.48 

10  36  43 

32.489 

34.47 

59.64 

10  53  10 

32.732 

36.87 

62.04 

10  54   52 

32.724 

36.80 

61.97 

■   following. 

From  E.  limb    I  ronj  ceuter 


Sepl    -' 


in    50      7 

82.739 

86.94 

62.1  1 

Hi  58  40 

82.742 

86.97 

62.1  1 

in  .v.i   ;,7 

82.781 

37.36 

62.58 

1  I     8     8 

32.770 

37.25 

102.  12 

114      8 

02.SI0 

62.85 

11     5     6 

32.810 

87.65 

62.82 

1  1      6  27 

82.888 

38.42 

63.59 

li     7  :>:> 

32.887 

38.41 

00.5s 

ll     9   hi 

32.874 

38  28 

1  1     in   12 

32.822 

37.77 

62.94 

11    12  22 

82.889 

38.43 

63.60 

1111   55 

37.89 

.60.00 

11    21    30 

32.795 

62.67 

1 1    22  25 

32.754 

37.09 

62.26 

1 1    23  55 

32.878 

0,0.19 

11   26   15 

32.782 

37.37 

io_'.o  i 

11    28   15 

32.765 

37.20 

62.37 

1 1   8 1   25 

32  750 

37.1  1 

62.28 

11   36    10 

82.633 

35  89 

61.06 

11  38   in 

32.710 

36.66 

61.88 

I  1   89    10 

.",2.712 

36.68 

61.85 

1  1    42     8 

.12.055 

36.1  1 

61.28 

ll    13  26 

32.653 

36.09 

61.26 

I  I    11    15 

32.558 

0,5.15 

00.0,2 

i 1   45    15 

32.590 

05.17 

00. 0  1 

1  !     10     III 

32.562 

35.19 

60.36 

11     IS      5 

32.468 

34.26 

59.10, 

1151      0 

32.468 

0,1.20 

59.43 

:      Wind  shaking  teles'' >pe 

Octobi 

•  1. 

Satellite  Eo 

lowing. 

I 

rom  E.  limb     From  center 

12    13    is 

26.666 

23.19 

18.32 

12  15  ■<:• 

!6  936 

20.52 

15.65 

12   18     o 

27.0(10 

19.88 

45.01 

12  20   10 

27.085 

19.04 

4  4.17 

12  22   12 

27.063 

19.26 

1  1.09 

12  23  4  5 

27.10  1 

18  20 

13.89 

12  24   53 

27.210 

17.51 

12.01 

12  26  52 

2  7.:;  i:i 

10.7.", 

11.86 

12  30     5 

27.497 

1  1.90 

40.09 

12  31    55 

2  7.51 5 

14.49 

89.62 

12  36    10 

27.74  2 

12.54 

0,7.0  7 

12  38  25 

27.800 

11.96 

07.09 

12    12   27 

27.934 

10. 0  1 

05.77 

Satellite  pi 

eceding. 

15  39   16 

0  1.0  10 

26.12 

51.25 

15    11    10 

31.748 

27.10 

52.2r, 

15  42  55 

31.749 

27.14 

5  2.27 

15    11    17 

31.810 

27.75 

52.88 

15  52     0 

31.964 

29.27 

54.40 

15  53   15 

32.048 

30.10 

55  2:; 

15  :•:>  10 

32.045 

30.07 

55.20 

15  56  37 

32.124 

30  86 

55.98 

15  58  20 

32.172 

31.33 

56.46 

16     0     0 

32.213 

31.74 

56.87 

16     4  22 

32.303 

32.63 

57.76 

16     5  23 

32.319 

32.79 

57.92 

16     7  40 

32.283 

32.43 

57.56 

Oct.  1.     Poor  seeing,  ami  wind  shaking  telescope. 


N"  '."-"'. 


111  1 :     ASTRONOMICAL    J  01    1:  N  A  L. 


Octobei 

■>. 

Satellite  follow  ing 

E 

torn  E.  limb    From  center 

i     2 

26'  790 

•-' 

17.12 

9  25  40 

■ 

9  27  25 

22.82 

47.92 

11    4s    11 

26.182 

53.1  1 

11   49  50 

26.037 

i 

54.58 

1 1    5-2      7 

26.223 

27.64 

52.74 

11   54  25 

26.55 

51.65 

11   56   15 

26.228 

11   57  15 

26.412 

25.76 

11    58  50 

26.412 

25.76 

12     0     t 

26.538 

24.52 

19.62 

12     3  32 

24.51 

19.61 

12     6  45 

23.02 

18.12 

li'     8   4'i 

26  791 

22.01 

47.11 

12    12     3 

20.12 

45.22 

12   13   13 

20.41 

15.5) 

12   14  50 

27.049 

19.46 

44.56 

12   16  25 

26.965 

20.29 

45.39 

12    18  4  7 

27. 155 

18.41 

43.51 

12  20  48 

27.325 

16.73 

H.83 

12  22  30 

27.339 

16.58 

H.68 

12  26  35 

27.512 

1  1.87 

39.97 

12  28   15 

27.558 

14.12 

39.52 

12  29  50 

27.062 

- 

12  31   33 

27.765 

12.37 

:;7.4  7 

12  32  4  7 

27,809 

11.93 

37.03 

12  35  35 

27  889 

11.14 

36.24 

12  .".7     8 

28.045 

9.59 

34.69 

12  39  27 

28.195 

8.11 

33.21 

Satellite  preceding. 


From  \V.  limb    From  center 


15     7 

52 

30.679 

16.49 

l  l. .V.I 

15     9 

25 

16.97 

12.07 

15    11 

2 

18.77 

13.87 

15    12 

35 

17. '.is 

15   13 

45 

17.79 

12.89 

15   14 

34 

14.38 

15   15 

5  ."i 

31  051 

45.25 

15    17 

10 

31.050 

20.16 

15.25 

15  20 

26 

31.175 

21.40 

16.50 

15  22 

25 

31.293 

22.57 

17.67 

15  23 

2  7 

31.220 

21.84 

16.94 

15  24 

46 

31.312 

22.76 

17.86 

15  26 

8 

31.442 

24.04 

19.1  1 

15  28 

in 

24.28 

15  33 

56 

26.16 

51.26 

15  35 

20 

26  93 

15  .".7 

15 

31.759 

27.18 

15    16 

6 

29.  16 

54.56 

Seeill 

s;  verj 

poor  ami  u  i 

Octobe 

Satellite   fo 

id  shaking 

■  7. 
lowing. 

elescope 

1 

rom  W.  lin 

i>    Prom 

8    I  i 

55 

27.378 

16.17 

11.12 

8    1  i 

50 

27.17H 

13  18 

8    16 

in 

27.168 

18.25 

8    17 

25 

27.i'77 

19.1  5 

1  1.40 

8  49 

Id 

26.921 

15  94 

9      7 

.*! 

26.390 

25.95 

51.20 

Satellite  following 

Fro: 

12 

'.i    12    10 

9   13  30 

9  4  1   30 

2 

9  4  7    15 

36.13 

9  50     0 

9  51      7 

9  52     .". 

2 

'.'  54  30 

:   25 

25.241 

-    In 

25.191 

- 

Ki     (i     ii 

25.225 

10     2     3 

2. '..22  1 

In      1 

in     5  27 

25.214 

in     7   17 

25.221 

10     8  42 

• 

• 

in   ] 

In   12   15 

in   13  25 

10    15    14 

10   17     5 

In    1-    18 

25.192 

: 

in   19  25 

In  21      ii 

0 

in  23  45 

10  24    15 

in  25  35 

25.114 

- 

• 

In  26 

25.144 

in  28     5 

in  29 

25.192 

10 

3  7.71 

in  32   15 

in  34    17 

in  35    15 

37.21 

-      5 

Id   41       1 

in    12  25 

1 1 1    I  I     5 

in  46 

I     ."■ 

1  1    19 

1151      7 

11    51 

1  1   58     2 

27.17:1 

I  1   54    10 

M   .'■  ■ 

1  1    .".7    15 

12    12 

- 

12   13 

- 

h  limb— (Sa 

- 

17 

.     12 

-      '-' 
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N°  285. 


IV North  limb       Satellite  following  .  — eont. 

Uj9 

3l'.272          23.39  +    1.07 

31.153          21.21  2.25 

31.221          21.88  I  58 

31.234          •-'•-'.(H  1.45 

31.204          21.71  f    1.75 

-  2.18 
1.83 

-  1.51 


8  59  27 

9  o  25 
9  1  30 
9  2  15 

9  3  ■-' 

1 2  •".  1 1 

12  I  20 

12  5  15 

12  7  15 

I-.'  8  20 

12  9  27 


Fi i  Si. nth  limb. 

26.862  21.28 

26.829  21.63 

26.794  21.95 

From  Norl  li  limb. 


31.603 
31.563 

31.601 


25.67 
25.27 
25.65 


—  2.21 
1  .si 

—  2.1!) 


Oct.  7.     Wind  shaking  telescope  at  eastern  observations  of  the 
satellite,  luii  steady  at  the  western  observations. 


(  Irluhr 

9. 

Satellite  following. 

F 

•..in  E.  liml 

From  center 

9  53  20 

25. 17.:; 

38.10 

63.50 

:>  ,vi  ;,n 

25.21.". 

37  7,1 

62.91 

ii  .,,;  :;., 

25.164 

37.99 

63.39 

9  58  52 

25.17.7, 

38.08 

63.48 

HI    10  45 

25.341 

36.24 

61.64 

in    13     0 

25.558 

34.09 

59.49 

in    15  22 

25.612 

33.56 

58.96 

10    17  20 

25.5  lit 

3  1.48 

59.88 

10  51   40 

25.633 

33.35 

58.75 

in  53  15 

25.738 

32.31 

7,7.71 

in  59  20 

25.848 

31.22 

56.62 

11      3  25 

26.015 

29.57 

54.97 

Satellite  pn 

ceding. 

1 

nun  E.  lim 

>     From  center 

14  31     3 

35.932 

68.63 

43.23 

1  1   33     5 

35.939 

68.70 

43.30 

11   34     3 

35.903 

68.34 

42.94 

1  I   36  33 

36.202 

71.30 

4  5.90 

l i   38  35 

36.273 

72.01 

46.60 

14    10     2 

36.223 

71.51 

46.11 

14    12      1 

36.295 

72.2:'. 

46.83 

I 

rom  W.  li  ii 

1)  From  center 

11    4  1   40 

31.289 

22.66 

48.06 

II    10   10 

31.169 

21.47 

16.87 

1  1   47  37 

31.319 

22.97, 

18.35 

14   48  7.7 

31.358 

23.34 

48.74 

1  1   :.n  35 

31.388 

23.65 

19  05 

14   57  35 

31. 70S 

26.81 

52.21 

1  I   59     5 

31.625 

25.98 

51.38 

15      1    55 

31.721 

26.93 

52.33 

15     4    15 

31:925 

28.95 

54.35 

15     6     5 

31.971 

29.41 

54.81 

15     7   4  5 

31.1)90 

29.60 

55.00 

15   13  15 

32.076 

30.45 

55.85 

15   20   40 

32.245 

32.12 

7. 7 . 7. 2 

15  22  20 

32.279 

32.46 

57.86 

15  24  20 

32.329 

32.96 

58.35 

15  30  45 

32.377 

33.43 

58.83 

15  31      0 

32.378 

33.44 

58.84 

15  33     0 

32.570 

35.25 

60.65 

Fr w.  liml 

From  center 

15  34     '-' 

::•_''.  199 

34.64 

60.04 

15  35    10 

32.4  16 

31.11 

59  51 

15  3  7     2 

32.533 

34.97 

60  3  7 

15    m  50 

32.7.77. 

35.39 

15    12  35 

32.683 

36.46 

61 .86 

15    15   17 

32.707 

36.70 

62.  ID 

1 7.    1  7     7 

32.67H 

:;,;.;;;; 

61.78 

15  50    15 

32.684 

36.47 

61 .87 

15  51    50 

32. 7.".:; 

.".7.15 

62.55 

16     3  20 

32.71  1 

36.74 

62.1  1 

16     5     2 

32.775 

37.37 

62.77 

16     6  53 

32.79  1 

•".7.57 

62.97 

16    9  :^> 

32  688 

36. 51 

61.91 

16  11    35 

32.668 

36  31 

61.71 

16   12    16 

32.675 

36.38 

61.78 

16   11     5 

32.662 

36.25 

61.65 

16   16  20 

32.72  1 

36.86 

62.26 

16   18  55 

32.658 

36.21 

61.61 

16  20    10 

32.788 

.",7.511 

62.9(1 

16  21    Hi 

32.77,.", 

37.15 

62.55 

16  22    ID 

32.670 

36.33 

61.73 

16   2  1    30 

.",2.712 

36.75 

62.15 

16   27.  37 

32.713 

36.76 

62.16 

16   2  7  20 

32.655 

36.18 

61.58 

16  28    in 

32.61  l 

35.78 

6  1  .  1  8 

16  31    30 

: ',2.7,2  5 

34.89 

ir,  32   I.", 

32.654 

36.17 

61.7.7 

16  34    28 

32.613 

35.77 

61.17 

16  36  20 

32.559 

35.23 

60.63 

16    In  30 

32.293 

32.60 

5s.  mi 

16  4  2  35 

32.424 

33.89 

7,!i.2:i 

•  ii'i.  9.     Windy.     Seeing  very  bad. 

October  16. 

Satellite  preceding. 

From  17.  lim 

,     From  center 

14    in    15 

31.1  15 

24.28 

19.1(1 

14    12  40 

31.7.52 

25.34 

50.46 

14    19     0 

31.713 

26.93 

7,2.1.5 

14   21    15 

31.552 

25.34 

50.46 

14  39   19 

32.228 

32.03 

57.1  5 

14  43     6 

32.039 

30.16 

55.28 

14  44     6 

32.301 

32.76 

5  7.SS 

14   47     7, 

32.383 

33.57 

58.69 

14  48  50 

32.460 

34.33 

59.45 

11   50  .",7 

32.364 

33.38 

58.50 

14   51    53 

32.  104 

33.78 

58.90 

14  53     6 

32.417 

33.90 

59.02 

14    7,1     Id 

32.488 

34.61 

7,9.7:: 

Oct.  16.     Satellite  v 

;ry  faint.     Seeing  very  | 
October  17. 

oor. 

From  Soi 

th  limb  —  (Satellite  prec 

eding.) 

13   51    24 

26.772 

22.00 

+  2.07 

13  55   17 

26.846 

21.27 

2.80 

1.5   56   42 

26.884 

20.89 

+  3.18 

From  North  limb. 

14      0  49 

31.633 

26.13 

+  2.06 

14      1    57 

31.600 

25.80 

1 .  73 

14      3   22 

31.610 

25.90 

+  1.83 

N"  285. 
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Satellite  preceding. 

_ 

From  \V.  [in 

b    From  center 

From  E.  liinl) 

14    1 

3K826 

14   18   20 

31.895 

in   1 1   33 

14  24   44 

31.901 

28.79 

53.91 

in    15   21 

14   27    H 

31.963 

29.40 

."i  I .  .">  2 

in  16   11 

14   29    12 

32.197 

31.72 

56.84 

10   II 

14  33   15 

32.091 

30.67 

55.79 

Ki   17    13 

11  53     9 

32.515 

10   18    11 

14   56  27 

32.565 

35.36 

10   1! 

15     9   12 

32.662 

36.32 

61.44 

10  2 

_ 

15   12  32 

32.648 

in  2  1    28 

15   14  32 

32.825 

37.93 

63  05 

m  2 

15   15  57 

32.878 

38.  16 

in  2  1    20 

15    17  42 

36.05 

61.17 

10  - 

15  18  57 

32.656 

36.26 

10-2 

21.1  •'■ 

15  20   17 

36  7i 

in   27   4  1 

15  --'l   27 

32.580 

35.51 

10  2« 

15  23     7 

32.808 

37.77 

Id   2 

15  26  27 

32.779 

37.48 

62.60 

10  31      3 

15  31    .",7 

35.39 

60.51 

10    19    12 

12.41 

15  33   2  7 

32.595 

35.65 

in  :,1      1 

27.941 

! 

15   3.".    22 

32.626 

35.96 

61.08 

in  52     8 

11.18 

15  37  57 

32.639 

61.21 

1"  5 

• 

15  39  52 

32.51  1 

34.86 

59.98 

In  53  55 

28.041 

in  5 

• 

Oct.  17.    Satellite  vc 

rv  faint.     A 

iiifli  wind  s 

taking  the  tel 

in  55 

9.11 

badly. 

m  57   13 

59 

-     - 

October 

21. 

- 

Satellite  i'< 

Mowing. 

Kr " 

F 

oin  E.  limb 

From  center 

14    1 

25.1 

7  59   16 

26.104 

28.73 

14  18 

25.61  I 

8     1      1 

25.976 

30.01 

54.98 

14    2. 

8     2  .O.s 

25.967 

30.08 

14  24 

8     4   48 

25.994 

29.81 

5  1 .  78 

11   24   5  1 

8     .r)  52 

25.932 

30.43 

55   1" 

1  1   25  50 

- 

8     6  52 

30.67 

55.64 

14   21 

- 

8     8  38 

81.1 8 

1  I   27    15 

8     9  36 

25.845 

31.29 

56.26 

14   '-- 

• 

8  10  53 

2j    360 

3 1.11 

56.11 

1  I  30  37 

8   1 1   38 

25.852 

31.22 

56.  Ml 

1  I   31   35 

8    1  1    13 

25.670 

33.02 

.".7.  '.i.O 

11   3: 

8   16  55 

25.700 

.•■,2.:;; 

57.70 

14  3 

8   17  58 

25  670 

33.02 

57  99 

1  1   3  • 

8   21    4  7 

58.90 

1  1    : 

8  23     2 

25.575 

33.96 

14   37     .". 

-  24   23 

33.70 

58.67 

1  I   . 

8    27    13 

25.548 

34.23 

59.20 

1  1    1 

8  28  22 

25.591 

33.81 

14   4  1   35 

g   29  28 

25.426 

35.  I  I 

60.43 

11     12     18 

8  56     3 

2.".. iii)7 

39.59 

64.56 

1  1   48    II 

9     r,  23 

25.071 

I  1    1 

9     8  43 

25.359 

36.10 

61.07 

1  1    I 

9  31    18 

25.412 

35.58 

14     1' 

9    18    18 

33.00 

57.97 

hi.     : 

9  54   20 

25.899 

30.76 

55.73 

14    18   1  1 

10     1   ."I 

26.H2II 

29  56 

54.53 

1  1    19   10 

in     2    18 

26.193 

27.84 

5  2. 8  J 

I  I   50   15 

Hi     4  35 

26.030 

54.43 

14  51      - 

10     6  .r.l 

26.22H 

52.55 

II   ." 

in     7  30 

26.138 

28.4  I 

53.41 

1  i   S 

in     s    15 

26. 2. M» 

52.25 

II   55 

in     9  41 

26.59 

51.56 

14  51 

1(1    11     12 

26.196 

27.28 

M   .  . 

- 

1 68 
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Satellite  preceding.      cont. 

From  W.  limb   Prom  centei 


Satellite  following.  —  cut. 


1  I   58  .".ii 

32.738 

36.96 

61.93 

15     (i     5 

32.712 

36.71 

61.68 

15     1    18 

32.761 

87.19 

62.16 

15     1   37 

32  M  1 

38.01 

15     8  35 

32.752 

37.10 

62.07 

15      1   37 

32.771 

37.29 

62.26 

15     6  33 

82.774 

37.32 

62.29 

15     8  35 

82.788 

37.46 

62.48 

E  i Sou 

tli  limb  —  (Satellite  folli 

wing). 

11,  * 

in  :;i     8 

26.775 

22.08 

—   1.37 

in  85     8 

26.802 

21.81 

1.64 

in  35    II 

26.825 

21.59 

1.86 

10  36  28 

26.791 

21.92 

-   1.53 

From  North  limb. 

10  37  38 

31.580 

25.50 

—  2.05 

in  39  .".1 

31.565 

25.26 

1.81 

10  39  43 

31.560 

25.80 

l  .85 

10    10  33 

31.530 

25.00 

—  1.55 

Oct.  21.      Up  to  in  o'clock,  vny  high  wind,  shaking  telescope. 
Vfter  i  his,  perfectly  steady. 


October  23. 
From  South  limb—  (Satellite  I'ol 


7  29  2 

7  30  17 

7  31  17 

7  32  17 

7  33  7 

7  33  47 


26.380 
26.388 
26.365 


26.06 
25.98 

•26. 21 


From  North  limb. 


31.108 
31.160 
31.178 


20.75 
21.27 
21.45 


From  South  limb. 


10     7 

2  1 

26.767 

10     9 

•2!) 

26.791 

10   10 

13 

26.817 

10   U) 

53 

26.830 

10  11  52 

10  12  54 

10  13  12 

in  1  1  12 


13  48  25 
13  19  40 
13  50  28 


18  51   36 

13  -".2  35 
13  53  30 


22.21 
22.00 
21.71 
21.62 

limb. 
24.58 
24.96 
25.13 
25.11 


From  Nortl 
31.495 
31.534 
31.551 
31.549 

From  North  limb. 
31.577     |     25.40 
31.565     I     25.28 
31.575  25.39 

From  South  limb. 


26.815 
26.798 
26.806 


21.76 
21.93 
21.85 


IWlIlg  i. 

+    2.63 

2.7.7, 
+    2.78 


+    2.68 

2.16 

+    1.98 


1.19 
1.43 
1.69 

1.81 

1.15 
1.53 

1.70 
1.68 

1.97 
1.85 

1.95 


L.67 
1.50 

1.58 


From  E.  limb    From  center 


Satellite  following. 


From  E.  limb     From  center 


38   21 

26.473 

25.14 

50.04 

40     7 

26.418 

25.69 

50.59 

41  37 

20.427 

25.60 

50.50 

42  34 

26.263 

27.23 

52.13 

43    15 

26.180 

28.05 

52.95 

7    15    1 5 

26.189 

27.96 

52.86 

7    16  54 

26.17,1 

28  M 

53.24 

7    is    15 

26.120 

28  65 

53.55 

7    19  59 

26.041 

29.48 

54.88 

7   50  57 

26.0  111 

29.65 

54.55 

7  57   24 

25.810 

81.7  2 

56.62 

7   59  34 

25.825 

31.56 

56.  16 

8       II     12 

25.738 

32.43 

57.88 

8     l   :;i 

27..  726 

.".2.7,7, 

7,7.1.7 

«      2    27 

25.699 

32.82 

.77.72 

8     6    17 

2-7.66I 

33.19 

58.09 

8     8  22 

25.656 

33.24 

..-.i  1 

8    in    19 

25  600 

33.80 

58.70 

8    12      1 

27...".  1.7 

34.34 

.7:  <.2I 

8   19    m 

25.513 

34.65 

.7  9.. 7 .7 

8  21    12 

27..  ion 

35.77 

60.67 

8  21   57 

25.361 

36.15 

61.05 

8  23    12 

25.356 

36  20 

61.10 

8  2  1   .M 

25.381 

35.95 

60.85 

8  26    17 

2.7.2  is 

37.27 

62.17 

8  27  32 

l'.i  326 

.",6.  .70 

61.40 

8  28  30 

25.308 

36.68 

6I..7.S 

8  30  29 

25.280 

36.95 

61.85 

8  .".1     7 

2.7.2U.". 

37.72 

62.62 

8  35  17 

25.190 

37.85 

62.75 

8  37  52 

2.7.201 

37.74 

62.64 

8  89     ii 

27..2.71 

37.24 

62.1  1 

8  39  7.7 

2.7.221 

37.54 

62.44 

8    10    12 

25.099 

38.75 

63.65 

8  4  1    52 

25.191 

.",7.  si 

62. 7  1 

8    13     5 

25.1  Hi 

38.34 

63.24 

8    1  1   3  1 

2.7.210 

37.65 

62.55 

8    16    17 

25.173 

38.01 

62.91 

8    17   54 

2.7.12H 

38.45 

63.35 

8  4  9  21 

25.169 

38.07. 

62.95 

8  51     5 

2.7. 2i  is 

37.67 

62.57 

8  52     3 

2.7.21i; 

37.59 

62.19 

8  53     5 

2.7.104 

38.70 

63.60 

8   54      1 

25.181 

37.93 

62.83 

8  55   17 

25.239 

37.36 

62.26 

8  56   10 

2.7.1IH; 

38.68 

63.58 

8  56  53 

2.7.240 

37.35 

62.'25 

8  7)7  37 

2.7.2  2(1 

37.55 

62.45 

8  58  2  7 

2.7.1  US 

37.77 

62.67 

8  59  7)7 

25.230 

37.45 

62.37. 

9      1      9 

25.330 

36.46 

61 .86 

9     2  20 

25.231 

37.44 

62.34 

9     3  50 

25.284 

36.91 

61.81 

9     6  37 

25.258 

37.17 

62.07 

9     7    17 

25.220 

37.55 

62.45 

9      9   41 

25. 26 7 

37.08 

61.98 

9    1  1      2 

25.254 

37.21 

62.11 

9    12  38 

25.285 

36.90 

61.80 

9    13  ."'7 

2.7.2  1:) 

37.32 

6  2.:  12 

9   15  25 

25.364 

36.12 

61.02 

9   16  52 

25.353 

36.23 

61.1 3 

9    18  4  2 

25.382 

35.95 

60.85 

9   19  :>■> 

25.338 

36.39 

61. 29 

9  20  53 

25.464 

35.16 

60.06 

9   21    50 

27..  12.7 

35.41 

60.31 

9   2  1   35 

2.7.420 

35.58 

60.48 

9   26      1 

25.7. 11 

|     34.68 

1         59.58 

N°-28<!. 
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Octob 

23. 

Sa 

tellite  following.  — cont 

1- 

rom  E.  limb    From  1  1 

9  27'  13 

25:532 

34.46 

9  28  45 

33.99 

58.89 

9   29  54 

25.569 

34.10 

59.00 

9  32  22 

25.604 

33.78 

58.68 

9    in   19 

25.74  I 

32.37 

:.7. 2  7 

9  4  1   54 

31.52 

56.42 

9   44    44 

25.903 

§0.79 

55.69 

9  56     7 

27.7:i 

52.69 

',i  57   17 

26.273 

27.13 

52.03 

9  58    Pi 

26.264 

2  7.22 

52.12 

In     11  39 

26.  107 

10     2  47 

26.382 

26.05 

50.95 

1(1     3  52 

26.396 

25.91 

.-,.1  SI 

In  32    17 

27.647 

13.52 

38.42 

in  83  59 

■_'7.71  5 

12.85 

37.75 

10  35   10 

27.715 

12.85 

.".7.7/. 

10  36   17 

l'7. .sin 

11.90 

36.80 

Satellite  pi 

!  ceding. 

I 

rum  W.  lira 

b     From  center 

13  58   in 

32.241 

31.91 

1  1     (J  20 

32.364 

33.18 

1  1      1   32 

32.210 

31.66 

56.56 

1  1     2  30 

32.367 

33.21 

58.1  1 

1  1     :;  33 

32.284 

32.39 

14      4    in 

32.20 

.".7.1(1 

1  1      .".  35 

32.345 

32.99 

57.89 

1  1      7  20 

32.330 

32.85 

57.75 

11      9  10 

32.395 

33.49 

58.39 

14    10  58 

32.561 

35.13 

11    1 ;,  35 

32.494 

34.47 

1117     (i 

32.579 

35.32 

60.22 

14  18     2 

32.495 

34.  18 

59.38 

14  19     8 

32.629 

60.71 

1 1   20   in 

32.675 

36.26 

61.16 

14   21    15 

35.04 

1  I    22  30 

32.585 

35.37 

Co.  27 

1  1   23    L3 

32.684 

36.35 

61.25 

11   24    13 

32.785 

37.35 

62.25 

1  1   25    1  5 

32.659 

36.10 

61.00 

11   27  32 

32.661 

36.12 

61.02 

1  1   28  23 

32  603 

35.55 

60.45 

1  1   30     0 

32  661 

36.12 

61.02 

1  1  3 1      2 

32.718 

61  •".  ' 

1  I   32   L5 

.".2. 72'.i 

61.70 

1  1   86     7 

.•'.2.72'.' 

61.70 

1  1   87  35 

32.639 

1  1   38  3o 

32.775 

37.25 

62.15 

1  1   39  37 

62.42 

1  1    in  ;,l 

32.804 

37  .'.1 

62.4  1 

11    13   13 

2.2. 72(1 

61.61 

l  1    1  I     2 

3  '  748 

36.93 

61.88 

14    11   57 

61.40 

11    16      1 

32.745 

11    16  57 

32.770 

37.20 

62.10 

11    18     (i 

32  778 

62.18 

11    19    in 

87.65 

11   50  55 

37.71 

62.61 

11   51   .".11 

82.791 

."■7.11 

62.31 

1  I   52  50 

35.84 

60.74 

1 1   55  20 

32.710 

86.61 

61.51 

—  ront. 


From  W.  lin. 


1  1   56 

30 

1  1   57 

25 

15 

1  1   59 

15     11 

1 5     2 

32.654 

15     3 

28 

32.715 

15      1 

33 

15     6 

7 

32.705 

15     7 

55 

15     9 

.'..". 

15   12 

0 

36.71 

1 .".   11 

•". 

61.13 

15   16 

25 

15    18 

20 

15  20 

32.473 

Oct.  23.     No  wind.     Seeing  first-class 


28. 

- 

lowing. 

i 

rom  K.  lira 

>    Fron 

7  .".1    35 

25. 164 

35.12 

25.451 

:  ."■ .  _v". 

7 

. 

7  56  32 

25.420 

8     1     2 

8     2  22 

25.185 

8     3  2  7 

36.86 

8     4  30 

- 

• 

8     6  59 

2.".. 2  Hi 

8     8  15 

8     9   18 

2. "..2  is 

8   in    15 

37.71 

8   13     3 

8   11   34 

25.217 

- 

25.181 

8    17  30 

25.257 

37.17 

62.11 

8   18  •■'■  1 

37.37 

8   19  55 

- 

- 

8  23    11 

8  2  1    16 

25.151 

: 

- 

8  38  31 

- 

• 

8  .".7    17 

- 

8  40     7 

8    12    15 

8   II    I" 

• 

B 
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Satellite  preceding 


E 

nun  \v.  limb  From  center 

11    18     3 

82.795 

37.48 

02.12 

l  i    M  22 

:'.2.711 

36.64 

61.58 

11    15     0 

32.779 

37.81 

62.25 

11    15    1* 

32.710 

36.63 

01.57 

U    16  38 

32.722 

36.75 

61.09 

1-1   18  20 

: ',2.752 

37.04 

61.98 

M    19  28 

32.759 

37.11 

62.05 

11  20  28 

82.799 

.",7.51 

62.  15 

11   2]    13 

32.773 

.",7.25 

62.19 

M   22  28 

82.789 

37.41 

62.35 

1-1   23   15 

32. 7  73 

37.25 

0,2.19 

1  1   2  1    18 

82.728 

36.81 

01.75 

M   25    13 

32.761 

37.13 

02.07 

M   27    18 

32.793 

.",7.15 

62.39 

11   28  48    N 

32.803 

37.55 

02.49 

14   29  33 

.",2.775 

37.27 

02.21 

1  1   80  28 

32.764 

37.16 

62.10- 

11   .",1   30 

32.702 

.",7.1  1 

62.08 

M   33     8 

32.796 

37.48 

62.42 

1  I   83  56 

32.742 

30.91 

61.88 

1  1   35    13 

32.780 

37.32 

02.20 

1  I   36  28 

32.667 

36.20 

61.14 

1-1   37  23 

32.762 

.",7.1  1 

62.08 

14   38    1  1 

32.768 

.",7.21 

02.15 

11   39  28 

32.664 

36.17 

01.11 

14    10  33 

3  2. 7.",  2 

36.84 

61.78 

11    11    13 

82.665 

30.  IS 

01.1  2 

14    12   10 

32.715 

36.68 

61.62 

14   48  38 

32.674 

30.27 

01.21 

14   44    IS 

32.583 

35.  .",7 

60.31 

From  Sui 

tli  limb— (Si 

tellite  folio 

ving).    U/3 

9  23     3 

26.725 

2  2.01 

—  0.69 

9  25  40 

26.757 

22.32 

—  1.01 

Satellite  lost  here  in 

fog. 

From  Nor! 

li  limb. 

it   45  45 

31.592 

25.56 

—  2.23 

9   4fi  32 

31.583 

25.17 

2.14 

'.)   4  7    14 

31.536 

25.00 

—  1.67 

From  Sout 

li  liini). 

9  4!i     0 

26. 859 

21.31 

—   2.02 

9  50  20 

26  710 

22.49 

0.84 

9  51    18 

26.829 

21.61 

—    1.72 

Oct.  28.     Frequent 

ogging  throi 

ghont the  i 

ight. 

Noveml 

er  4. 

Satellite  fi 

[lowing. 

1 

'rom  E    lini 

>     Fromceutei 

t;  55  40 

26.155 

31.25 

.,  i.84 

6  5  7    15 

20.140 

31.40 

55.99 

6  58  35 

20.079 

32.00 

56.59 

6  59  ■''■> 

20.1112 

32.67 

5  7.20 

7     2    15 

26.015 

32.64 

5  7.23, 

7   13  50 

25.785 

34.91 

59.50 

7   15   2  7 

25.784 

34.92 

59.51 

7   16    17 

25.770 

35.06 

59.05 

7    18  38 

25.781 

34.95 

59.54 

7  20   12 

25.010 

30.29 

60.88 

7  21    40 

25.7UD 

35.76 

60.35 

7  22  37 

25.680 

35.95 

60.54 

7  25  30 

25.685 

35.90 

60.49 

7   30     0 

25.567 

37.07 

61.66 

7  31    53 

25.5:',  5 

37.39 

61.98 

Satellite  follow  in:;.  —  com. 

From  E.  limb    From  center 


. 

25.583 

86.91 

61.50 

35  35 

25.546 

87.28 

61.87 

25.573 

37.01 

61  60 

88     0 

25.530 

.",7.11 

62.03 

7  40  20 

25.521 

5  7.53 

02.12 

7   4  2    17 

25.602 

36.78 

61.32 

IS   I  , 

25.520 

3  7.54 

62.13 

7    1117 

25.582 

01.51 

7   4  0   27 

30. si 

61.43 

7    18  35 

25.595 

36.80 

61.39 

7  49    lo 

25  604 

30.71 

61.30 

50  50 

25.589 

.",7.:;:, 

01.91 

52  20 

25.570 

37.04 

61  ,68 

7  5  1 

25.559 

37.15 

61 .74 

56     5 

25.583 

30.91 

61 .50 

'  58     5 

25.672 

37.02 

61.61 

8     o  22 

25.621 

36.5? 

01.13 

8     2    17 

36.09 

8      1   21 

25.715 

35.01 

60.20 

8    8  :>:> 

25.710 

35.21 

59.  si, 

X    10   20 

25.750 

35.17 

59.76 

s    12     0 

25.738 

35.38 

59.97 

-    18    17 

25  782 

34.94 

59.53 

h  i  i  55 

25.812 

34.65 

59.21 

8  26    1 1 

25.912 

33.66 

5S.25 

8  28     8 

26.002 

32.77 

57.36 

Satellite  pr 

seeding. 

Fi 

oin  W.  liml 

From  center 

13     3   15 

32.639 

32.95 

5  7.51 

13      1   58 

32.631 

32.87 

57.10 

13     6   10 

32.H99 

33.55 

58.  l  1 

13      7   .",1 

32.696 

33.52 

58. 1  l 

1.",     8  4  0 

32.775 

34.80 

58.89 

13   11     3 

32.795 

34.50 

.-,990 

13   14  30 

32.820 

34.75 

59.34 

13   15  28 

32.838 

34.92 

59.51 

13   17  28 

.",2.912 

35.66 

00.25 

13  22  58 

32.840 

34.94 

59.5;; 

13  2  1     8 

32.954 

.",0.o7 

Oo.Ci', 

13  25  20 

.",2.  950 

36.06 

60.65 

13  20  28 

33.011 

36  64 

61.23 

13  28  13 

32.985 

36.38 

191.97 

13   32    13 

33.059 

37.11 

01.70 

13  .",3  50 

33.016 

36.69 

61.28 

13  31   53 

33.011 

30.04 

61.23 

13  38     8 

33.044 

36.96 

61.55 

13   41    27 

33.054 

37.00 

61.65 

1  3  4  1     8 

33.048 

37.00 

01.59 

1 

',    18    15 

33  070 

37.22 

61.81 

1 

1  50     3 

33.029 

36.82 

01.11 

1 

1  51   43 

","  030 

36.82 

01.41 

1 

',  58    15 

33.068 

37.20 

01.79 

1 

1  56   18 

33.058 

37.10 

61.69 

14      1    53 

.",:>.  9  5  s 

30.11 

60.70 

14     3  58 

32  939 

35.92 

60.51 

14     6  35 

32.920 

35.74 

60.33 

From  Sot 

th  limb—  (S 

itellite  foil, 

>wing). 

9   11   55 

27.079 

22.10 

—  0  83 

9    13     0 

27.083 

22.06 

0.87 

9    14     0 

27.175 

21.15 

1.78 

•   11   55 

27.138 

2  1.52 

—  1.41 

N°-  286. 
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From  North  limb — (Satellite  following). 


16  27 

17  25 

18  5 
18  55 


31.836 
31.802 
31.849 
31.849 


24.67 
25.13 
25.13 


—  2*07 

1.71 
2.20 

—  2.20 


Nov.  4.     Night  fair;  not  much  Hind. 


Nbvi  mber  6. 

Satellite  following. 

From  E.  limb 

From  center 

6  44 

54 

26.134 

31.44 

56.01 

6  46 

25 

26.104 

31.74 

56.31 

6    17 

35 

- 

31.59 

56.16 

7     5 

28 

36.18 

7      7 

40 

•.'.■'.777 

34.97 

59.54 

7     8 

45 

2 

61.10 

7    10 

47 

25.738 

7    13 

30 

25.72(1 

35.54 

60.11 

7   15 

3 

25.667 

36.116 

60.63 

7   16 

55 

25.713 

35.61 

• 

7   21 

15 

25  .V.i  i 

36.79 

61.36 

7   25 

12 

2  5  .-"'71 

36.98 

61.55 

7  29 

15 

25.575 

36.97 

7  32 

35 

25.509 

37.63 

62.20 

7  34 

;,u 

25.580 

61.49 

7  36 

5 

25.546 

7  37 

25 

61.40 

7    in 

15 

25.594 

36.79 

61.36 

7   41 

50 

25.626 

61.04 

7    15 

a 

25.621 

36.52 

7   47 

10 

25.577 

61.52 

7    19 

5 

25.599 

36.74 

61.31 

7  52 

25 

25.65 1 

36.22 

60.79 

7  53 

50 

25.690 

7   55 

37 

■_'."..  7  05 

60.26 

-      1 

411 

25  764 

35.10 

8     2 

27 

31.15 

59.02 

8     3 

32 

25.780 

34.94 

59.51 

8  26 

15 

26.15H 

31.28 

8  27 

17 

26.230 

30.49 

55.06 

8  28 

35 

26.    27 

v»-    6.     Wind  shaking  tel  - 


■  11. 

Satellite  fo 

lowing. 

K 

urn  E.  limb 

center 

6  33 

25 

33.43 

6  3  1 

in 

25.848 

34.27 

6  36 

3 

:;  1.55 

58.81 

6  37 

25.910 

33.66 

:,7.:'  2 

6  38 

15 

34.05 

6  39 

35 

25  823 

34  52 

6  40 

25 

25.795 

6    11 

:;n 

25.813 

34.62 

6    15 

25.731 

6    16 

37 

25.740 

35.34 

6  48 

0 

25.7 17 

35.27 

6    19 

55 

25.71 1 

6  51 

25 

25.743 

35.31 

.','.'.57 

6  52 

in 

25.660 

36.13 

Satellite  f,.. 

From  . 

_ 

6  54 

45 

6  56 

15 

6  59 

7     1 

10 

7     4 

25 

7     .', 

25 

7      7 

.       - 

35 

7     9 

45 

7    11 

25 

7    12 

7    13 

55 

7    14 

15 

7   21 

7   22 

27 

7   23 

7   26 

25.743 

7   i'7 

in 

■ 

7   28 

35 

i 

7 

25.755 

7  31 

30 

- 

• 

52 

-     -- 

7  37 

0 

34.01 

- 

7    10 

7    12 

0 

33.11 

7    13 

15 

- 

7    11 

35 

_ 

7    17 

7 

50 

29.06 

i 

'1 

- 

From  North  limb  —  (Satellite  fol 

8   11 

5 

—  i    a 

15 

- 

- 

- 

15 

0.47 

8   15 

;,.-, 

• 

—  0 

From  South  limb. 

8    17 

15 

31.514 

—    1 

-      3 

31.441 

21.11 

- 

- 

2 

21.91 

8   19 

.',.', 

31 

— 

- 

t 

12  51 

ii 

- 

12  52 

15 

- 

12  53 

• 

12  55 

10 

12  56 

in 

12    57 

12 

1 3     2 

5  2 

13    : 

13   1" 

III 

13   11 

1 8   1  I 

2  7 

17.' 
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13    16    10 

32.957 

86.12 

13    19  22 

36  05 

13  21     it 

32.892 

35.48 

13  23    12 

32.887 

N'.ii  much 

wind. 

Novi  mber  13. 
Satellite  follow  ins 


">7  13 
59  23 


7   1  0 

7  2  35 

7  3  27 

7  .">  0 

7  6  35 

7  7  55 

7  9  24 

7  12  3 

7  13  18 

7  15  19 

7  17  30 

7  20  55 

7  24  0 

7  26  27 

7  32  ::: 

7  ;;i  o 

7  85  5 

7  37  50 

7    in  it 

7    If,  in 


Satellite  preceding 

From  \V.  limb    From  center 


60.81 
59.74 


From  center 
59.93 
60.06 
60.32 
60.02 
60.74 
60.76 
59  .  3 
60.57 
59.66 
59.57 
.V.i.  7  I 
58.78 
59.50 
59.14 
58.53 
58.73 
57.19 
56.74 
56.99 
56.81 
55.84 
54.81 


Satellite  preceding.  —  cont. 

I-  mm  \V.  ] i in ' < 


12  31  in  32.864 

12  :;i  28  32.894 

12  36  13  32.870 

12  :;7  ~>\  32.857 

12  39  18  32.s;,i 

12    II  :::;  32.837 
Nov.  1 8.     '  Ibserval  Ions   interrupt 
»ood. 


35.88 
85  68 
35.41 
35.31 
35.25 
35.1  I 

l,V       Cll 


25.685 
25.671 
25^645 
25.  6  7. 5 

25.601 
25.700 
25.620 
25.712 
25.721 
25.707 
25  -in 
2:>. 72s 
•J.',. 7.;  I 
25.826 
25  mm; 
25.961 
26.007 
25.982 
26.000 
26.098 
26.202 


From  E.  limb 
:',.->. 79 
35.92 
36.18 
35.88 
36.60 
36.62 
35.64 
36.43 
35.52 
35.43 
35.57 
34.64 
35.36 
35.00 
34.39 
34.59 
33  c". 
32.60 
32.85 
32.67 
:;i.7n 
80.67 


Nov.  1:;.     High  wind  from  north.     Telescope  vibrating 


I  1    3(1     3 

I I  32  23 

I  1   33  40 

II  35  31 
11  36  38 
11  39  8 
11  42     1 

I  1   43  28 

II  54  38 
.-,0  28 
58   13 

58 


1  1 
11 
12 
12 
12 
12 
12 
12 
12 


9  25 

10  15 

12  30 

12  21  20 

12  22  33 

12  23  53 

12  26  3 

12  27  28 

12  29  23 


Novembi 

,■   18. 

Satellite  pr 

seeding. 

From  W.  Hid 

,       I'll, 111  t'i'lltcl 

32.196 

28.77 

52.72 

32.161 

28.42 

.V2.3  7 

32. 1  7."i 

28.56 

52.51 

32.254 

29.34 

.-.3.2:1 

32.275 

29.55 

53.50 

32.389 

30.68 

54.68 

32.40:. 

30.83 

54.78 

32.365 

30.44 

54.39 

32.609 

32.SC, 

56.81 

3  2.  (571 

33.47 

.".7.4  2 

32.770 

3l.i;, 

58.  in 

32.795 

34.70 

58.65 

82.744 

34.19 

7.8.14 

32.770 

34.45 

58.40 

32.759 

34.34 

58.29 

32.796 

34.71 

58.66 

32.813 

34.87 

58.82 

32.850 

35.24 

.-.9. 19 

32.872 

35.46 

59.41 

32.902 

85.76 

.".9.71 

32.943 

36.16 

60.11 

32.885 

35.59 

:,9  54 

32.850 

3  i.24 

59.19 

32.961 

36.34 

til).  29 

I]  .",11 

s  2.-, 

in  11 

I:'  2.', 


November  211. 
Sati   in.'  following. 

From  E.  limb 
36.10 


2  1  In 

2i;  I.". 

28  11 

28  Hi 

36  15 

37  In 

.",9  17 

12  30 

II  ID 

I.-,  30 

it;  in 

17  15 

4  9  2(1 

21  2  1 

2  2  12 


•>: 


.,.> 


24  .".7 

2.".  19 

4  .". 

7  9 


25.645 
25.670 
25.640 
25.653 
25.640 
25.690 
2-'..  7  15 
25.651 
25.71  I 
25.656 
2.-..  7  in 
2:.. 7iis 
2.-..7I7 
2.V  7  s.-, 
2.". .7.'.  I 
25.750 
25.835 
25.810 
25.885 
25.870 
25.902 
2  (',..-,  1 .", 
2 1 ;.:,.-,.-, 
26.560 

26.739 
28.102 
28  286 


:;.-,..s.-, 
36.15 
36.02 
36.15 
35.66 
.",.-..11 
3,;. 11 1 
35.42 
3:,.  9  9 
35.46 
35.  !■', 
35.09 
34.72 
35.02 
35.06 
.",1.22 
34.4  7 

i  ; 

33.87 
83*56 
27.49 

27.09 
27.(11 
26.28 

25.27 
1  1.77 
10.05 


59.68 

59.26 

.-,9.211 
59.06 

1, 


From  center 

o9.72 

58.81 

.-,9.7  1 
59.12 
59.69 
59.16 
59.18 
58.79 
58.42 
58.72 
58.76 
:,7.92 
58.17 
57.43 
.-,7..",  7 
.-,7.2C 

:,  1  .  1  9 

7,(1.79 

50.74 
49.98 

i-  97 
35.47 
33.75 


From  South  limb  —  (Satellite  following  - 


7  31    13 

7  32  22 

7  33     7 

7  .",1      7 


27.171 
27.242 
27.279 
27.2211 


20.99 

211.2;' 

19.92 
2il..-.  1 


From   [forth  limb. 


7  •",.-)  I.",  31.79  1 

7  32  32  31.845 

7  :::  30  31.790 

7  38  H)  31.714 


2  1.77, 
2. "..2  9 
24.74 

2  1.29 


u,-; 

l..",7 
2.07 
2.44 
1.85 


—  2.39 
2.93 
2.38 

—  1.93 


From  North  limb  —   Satellite  following;. 
.-,(1     11  31.817  2.",. in  —  2.65 

:,7     11         31.795         24.79         —  2.43 


58  30 

.-.!)     HI 


From  South  limb. 
27  233     ,     20  38 
27.314  19.58 


—  1.98 

—  2.78 


Nov.  20.     Up  1,,  ''•  wind  shaking   telescope  and    seeing 
After  that  steady,  ami  observations  good. 
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I  bave  carefully  plotted  the  measures  ueai'  the  elongation 
of  the  satellite,  and  by  the  :i i •  1  of  a  curve  drawn  through 
these  bave  secured  the  following  elongation  distances.  Foi 
comparison  they  are  also  reduced  to  distance  5.20. 

Ii  will  be  seen  thai  the  distance  al   wesl  elongation 
tainly  less  than  thai  of  the  eastei  n. 

No  correction  lias  been  applied  for  phase.     The  mi 
do  not  extend  much  on  each  side  of  opposition;  the  phase 
would  not  have  a  sensible  effect. 

Elongation   Distances e    Fifth   Satelliti    Deduced 

Graphicalli   ik.'m  the  Measures   \t  Elongations. 


Easl  Elongation 

Wesl  Elongation 

is;il' 

\|i|i! 

5.20 

Appt. 

5.20 

Sept 

d 

10 

61.04 

17.99 

II 

61.20 

18.01 

12 

61.55 

18.17 

14 

61.60 

18.03 

.    . 

23 

62.18 

17.82 

27 

63.22 

18.39 

Oct. 

7 

63.43 

18.25 

!l 

63.39 

62.25 

17.33 

17 

47.22 

23 

62.90 

18  07 

17.34 

28 

62.62 

18.17 

62.12 

17.79 

Nov. 

4 

61.73 

18.01 

61.70 

17.99 

6 

6.1.64 

18.22 

1  1 

60.80 

18.05 

60.45 

17.77 

13 

60.40 

17.87 

18 

59:72 

47.91 

18.089 

17.621 

±0.061 

±0.176 

The  probable  errors  of  a  single  determination  are  ±0".23 
and  ±0".  17  respectively. 

rhese  respectively  correspond  to  the  following  distances  : 

Easl  elongation      1 12500±  143  miles. 
Wesl  elongation      111  H0±412  miles. 

The  times  of  elongal  ion  have  been  obtained  graphically  by 
plotting  the  measures.  This  method  is,  however,  not  so  ac- 
curate us  computing  the  elongation-time  from  measures  of 
distances  on  each  side  of  elongation  from  the  formula, 

T  =  t  ±0  .502  cos 

where  '  =  the  time  of  observation,  8  the  measured  dis 
:tml  A  the  apparent  elongation-distance;  the  motion  < 
satellite  in  one  minute  being  0  .502. 

In  the  follow ing  table  are  given   i be  The 

letter  <■'  shows  the  resulting  time  "as  derived  graphically, 
while  C  indicates  thai  ii  was  derived  from  measures. 

.i  h     in 

Sept. 


Oct. 


Ill 

12   49 

'• 

10 

12    17. 

5  C 

12 

O 

14 

12   23 

'■ 

23 

1  1    33 

<■ 

•J7 

11      7 

G 

7 

10    19 

G 

Oct. 


Nov. 


9 

21 

. ;      G 

U.I  G 

1 

7   ; 

11 

7 

11 

7      7.1   0 

20 

6    i 

1  1 

1  I 

13 

The  graphical  determination  should  liai 
little  value. 

I  have  carefully  gone  "\  ei    i 
odic  time  of  the  satellite,  and 
deduced  the  following  values  for  tin 

mputed  vaii. 
rectiug  for  aberration  and  parallax. 

.1      P  =  1 1 
-      /' 
Sept.  10-  N 
Applj  ing  weigh!  - 
\  ills,  the  mean  of  tl 

Period  =  11"  57 
The    elongation    time 

ation. 
The  hourly   motion   of  the    - 
velocity    in   its  orbit   about    16.4   ii 
some  t\\el\ i  iid  as  the  motion 

ner  sati   I    e  ol    \fars.     The  horizon ta 
the  new  satellite  is  21°  51'.      I 

The   sati  I  -  lit    at    the    ■ 

western  elongat  ion. 

No  amount  of  magnify  ing  |  owei    I 
liar  point. 

[ts  shadow  can  not  be  son  in  trai 

1    have   not    sin  I 
satellite  sinci    N 

irheu  it  was 
(ion.      I  \    faint,   bill 

good,  the  air  being  perfect!}  - 
class.     It  was  onlj  possible  ■■ 
the  pass 

dome  not   being  movabli 
draulic 

l 
lorinl  ii: 


171 


III  K      A  s  Iliil.MDI  I  (    A  I.     .1  ()l    l;  N  A  I. 


N-  ■_•«•;. 


1 898  January  ■'». 
Satellite  preceding 

From  prec.  limb 


Addendum. 

G.M.T.,  which 
epheiueris. 


From  center 


s  2;',  53  3.269  32.15     ,         52.72 

s  27  13  :;.:;:;i  3  53.37 

8  36  13  3.216  31.63 

8  iii  38  3.062  :!".H'  50.67 

8  I!  58  3.128  30.76  51.33 

s  i;;  is  3.061  30.09  50.66 

8  I.'.  :;  3  070  30.18  50.75 

8  16  •"■■">  3.042  29.90  50. 17 

8  is  13  8  069  30.17  .".0.7  1 

s  50  :;:;  3.054  30.02  50.59 

8  .,2  -J:'.  2.991  29.  10  19.97 

s  58  48  8.008  29.52  50.09 

8  55  18       '     2.968  29.17  19.74 

8  56  18  2.920  28.70  19.27 

Computing  the   elongation-time    from  the     last    three 

measures  I  find 

West  elongation  1893  Jan.  5"  8'  24™. 7  S.P.T. 
=  Jan.  5"  Kl"  24'".7  G.M.T. 

From  Marth's  ephemeris  in   The  Observatory  for  Decem- 
ber, 1892,  the  west  elongation  should  have  been  atl6h28m.6 


shows  the  satellite  i-  running  close  i"  the 

1893  January  8. 
Satellite  preceding. 


Prom  prec.  limb 

From  center 

7  2 

2.740 

26.79 

4  7. -22 

7    .".(1    29 

2.970 

•.".'.07 

49.50 

7   81    51 

2.878 

28.16 

18.59 

7   39    19 

2.993 

29.38 

19.78 

7  42  30 

2.870 

18.51 

7  ii   it; 

3.071 

30.07 

50.50 

good 

7  46  50 

2.855 

27.93 

18.36 

7    17    m 

:i.l  19 

.",ii.;,;, 

50.98 

Satellite  exl  remelj 

aim  and  difficult    Ci 

Incidence  of 

tli  read) 

0'  084. 

Computing  the  elongation-time  from  the  Brsl  fourol 
we  have 

West  elongation  1893  Jan.  8"   16'  6m.4  G.M.T. 

According  to  Ma  inn's  ephemeris  this  occurred  at  16h  8m.  j. 

These  are    doubtless  the  last   observations   that  will  be 

made  here  of  the  satellite  during  this  opposition  of  Jupiter. 


ON    THE    PERIOD   OF  5950  \V  HEBCULIS, 

By   HENRY  M.   PARKHCRST, 


Tin-  elements  of  5950  WHerculis  in  Chandler's  table, 
A.J.  179-80,  are  now,  from  the  variation  of  the  period, 
nun  e  than  four  months  in  error.  The  reduction  of  my  ob- 
servations, together  with  those  of  Mr.  Eadie,  from  1884  to 
1892,  including  also  earlier  maxima  deduced  by  Dr.  Chand- 
n  k.  and  kindly  furnished  me,  has  enabled  me  to  obtain  ap- 
proximate elements  including  that  variation.  The  results 
are  shown  in  the  following  table. 


E 

C 

C— O 

C— 0 

29 

1857  April 

17 

+   5 

—   4 

0 

1879  June 

7 

+  39 

+  15 

2 

1881  Jan. 

26 

0 

—  17 

;, 

1883  May 

25 

—  9 

0 

6 

1884  Mar. 

3 

—  12 

+    5 

8 

1885  Sept. 

27 

—25 

—    1 

9 

1886  July 

1 

-22 

0 

12 

L888  Sept. 

27 

—    1 

—   1 

E 

C 

C— O 

<"— o 

16 

1891    Sept.     27 

+  24 

0 

17 

1892  July      7 

+  20 

—   2 

18 

1893 

(May  3) 

(Apr.  16) 

The  first  column  gives  the  number  of  periods  from  the 
epoch;  the  second  column  the  observed  maxima;  the  third 
column  gives  the  comparison  with  a  uniform  period  of  280 
days,  including  prediction  for  the  next  maximum  ;  and  the 
fourth  column  gives  the  comparison  with  the  following 
formula  : 
Max.  =  1879  June  22  +  280". 0  +  24d(sin  22°. 5  £  +  270°) 

The  epoch  — 29  was  derived  from  DM.  estimates:  the 
next  two  from  Dunek's  observations:  the  next  two  from 
Chandler's  observations;  the  remaining  maxima  were  de- 
rived by  smoothing  the  curves,  and  employing  my  parabolic 
method,  from  the  several  series  of  observations  made  by 
Eadie  and  myself. 


Brookh/ii.  1893  Jan.  7. 


OBSERVATIONS   OF   COMET  g  1892  {brooks  , 

MAKE    AT    I'lII'.   CINCINNATI    OBSERVATORY, 

By  ,T.  G.  PORTER. 


No. 

#- 

-  * 

&r's  apparent 

logpA 

1892-0  Cincinnati  M.  1 . 

* 

Com  p. 

Ja        | 

dh 

a                         8 

for  a       1     for  6 

Dec.  28 

15   16  29 

1 

8  ,  8 

+  :;"    2*73 

4  o     3  9 

15  36     :;.7o      +55  52  31.9 

n9.911 

0.444 

15   16  29 

2 

8  ,  8 

+  2    in.:',:: 

+  0  23.0 

15  36     3.87       +5.">  52  28.9 

(19.911 

0  114 

Jan.     9 

16  23    19 

8 

9  .  9 

—0  24.22  I 

+  0  30.3 

20  49  38            +63   15 

«9.846 

0.842 

10 

7  51      7 

4 

8  ,  8 

+  0   20.7  1 

—3   59.6 

21      1     0.60      +62  25  31.6 

9.995 

0.453 

7  51      7 

5 

4  ,  4 

—0  54.00 

—2   18.7 

21     4     0.09       +62  25  34.8 

9.995 

0.453 

N°-  286. 


I'll  E     A  ST  liiiXUMIi    A  1.     .Mil    i;  N   \  1. 


Mean   Places  <</'  Comparison- Stars. 

* 

a 

Red.  i" 
app.  place 

8 

Red.  to 
app.  place 

lu  tin 

i-.. , 

, 

1 

1.".  .".:;     1.09 

— 0.12          +55   5  2   5  5 . 7 

—27.7 

Kruegei    \  G.Z.  8423 

2 

15  33  23.66 

—0.12          +55  52  33.6 

—  27.7 

3 
4 
5 

20  .mi    g 

21  ::  43.32 
21      1   57.55 

—3.56          +6.M    I  I 
-3.46          f  '',•_>  29  .".1.7 
—3.46    1      +62  -J 7  53.9 

—  1.3 

—  0.5 

—  0.1 

Undetermined 

»er  A.G.Z.  11911 
B       gei  A.G.Z.  11930 

1893.0 


The  following  elements  represent  tbe  observations  up  to 
Dec.  28  very  closely.  The  deviation  of  the  position  for 
Jan.  10  is  (O— C),  —7',   +0'.2. 

T=  1893  Jan.  6.5178  Greenwich  Ml. 

a  =  185°  39'.  i 

(o  =     85   1  15 
i  =   143  52.0 
log  q  =  n.ii77::i 
Ephemeris  ok  Comet;/  1892,  by  Phillips   (sham 
Gr.  M.T.  A  pp.  a  App.  & 

1893  h       in       » 

Jan.  22.5         23    17    16  +44  58.3 

23.5         2:1  22  21  43    15.7 

24.5         23  27     6  +42  36.4 


0.0867 
0.0893 


log  A 


0.O251 


Gr   M.T. 

\ 

■  ;. 

App.  .1 

b 

. 

0      1 

Jan.  2 

23 

31 

2  7 

+  11 

26.5 

23 

in  27.  I 

27.5 

23 

39 

9 

89   -J 7.1 

28.5 

23 

12 

.•5  7 

29.5 

23 

15 

51 

23 

53 

31.5 

23 

.".1 

1  I 

35  54.0 

I'rK.    1.5 

23 

54 

26 

35     6.7 

2.5 

23 

56 

34   21.2 

3.5 

23 

59 

4.5 

0 

1 

41 

32  57.11 

."1  .  .") 

0 

3 

52 

32    L8.1 

6.5 

0 

•". 

I  31 

- 


FILAK-MICROMETEE    OBSERVATIONS   OF   COMETrfl892, 


1892  Poughkeepsie  M.T. 

Dec.  17   17  21   0 

20   17     9   1' 


No. 
( lorap. 


MADE    II    \   v>-  u:   c  in  II  ..r    OBSERVATORY, 

V,\    MARY  W.   Will  INI.V. 

#—  * 

/a  /8  a 


-     -* 


—  1     3.16  0  35.2 

+3    18.20         -   0    12.3 


II     1    16.61 

14  17  24.16      'in  23  25 


Mean   Places  of  Comparison- Stars  for  1892.0. 

a  Reduction  8  Reduction  tuthortty 


1  I     5    18.46 

111:;  .".1.70 


I  1.31 


!5  34.6  — J*,.  I 

+  in  24 


Bonn  VI,  35 

w  i;  \i\  . 


EILAR-MICROMETEE   OBSERVATIONS   OF   COMETS^   \M>      L892, 

MADB    Willi     Mil      [2-INCH    1    ;!    ITORIA1     01      nil     I  U'K    OBSKRA   kTOBA 

By   E.   E    I'.  \l;X  VRD. 

-  *  -  apparent 

la.  -Jo  a  o 

Brooks) 
1        6.4        —2"  49.80         +1  45.7 

Cow 
1;       ,-|  .  1        —d  22.56 


1892  3  Mi.  Hamilton  M.T. 

Nov.  '-'I    17  28     7 


No. 

1 ' p. 


Jan. 


I     7  28  35         6       ■".  .  I        —0  22.56  1.0 

Mean    Places  of  Comparison- Stars,  for  beginning  > 

*  a  Reduction  8 

1  13*  6  83  I  I- 1.2'  •    L6.8 

6  1    8     2.36  0.81 

Nov.  24      Cornel  observed  through  bhli  h  wel  haze.     Prettj  brlgh 
Jan.  4.     With  low  power,  com«  verj  large  and  very  faint;  with  micrometer  only  tin 
exceedingly  fain!  aud  dlfflcull  fleck  of  I 


Ill  !•;     ASTRONOM1I    \  I      JOU  I;  N  A  I.. 


METEORS  OF   L892    NOVEMBER  23, 


BY    Wll.l  .1  \M 

The  numbei'  of  meteors  counted  here,  on  tbe  uighl  of  1892 
Nov.  23,  was  greater  than  Llial  reported  by  your  correspon- 
dents in  Astronomical  Journal,  no.  283. 

were  watched  here  from  dark  lill  midnight      I  i nted 

them  al  various  times  during  the  night,  and  once  continu- 
ously for  upwards  of  an  hour.  I  found  thai  a  single  ob- 
server could  see  on  the  average  from  50  to  60  in  five 
minutes 

The}  did    uol    come  al    a   strictly   coustanl   rate,  though 

nearly  so,  as  the  excess  of  one  i lent  was  balanced  by  the 

nia,  1893  Jan.  2. 


,i.  in  ssi  v 

defecl  of  the  next.  It  was  not  unusual  to  see  three  or  four, 
Di  even  live,  radiating  simultaneously. 

The  radiant  was  determined  by  means  of  a  considerable 
number  of  bright  meteors  and  found  to  be  very,  approxi- 
mately    «  —   I"  39m  .  8  =   +42°. 

In  determining  ii  two  particularly  bright  ones  were  used; 
one  of  which  passed  eastward  near;  and  the  olhei  south- 
westward  bel »  een   ■  and  t  .  indrorm  a 

Only  the  usual  sporadic  meteors  wi  ie  next  night. 

Ii  was  cloudv  here  on  Noi .  27. 


COMET  /'  1892  [bolmes), 

The  Central  Bureau  telegraphs  that  this  comet  was  found      circular,  less  \h an   1' in  diameter,  and  with  strong  central 
i,v  Dr.  Palisa,  Jan.  L6,  to  have  exhibited  another  sudden      condensation, 
change  of  brilliancy.     It  appeared  of  the  eightl iguitude, 

\K\V    ASTEROIDS. 
Prof.  Kku  i/  lias  communicated  the  discovery  of  two  more,  found  during  the  year  1892  ;  one  photographed  by  (  n  irlois 
•il   Nice,  —  the  other  by  Wolf  at   Heidelberg.     Earliest  observations  are, 

r.         Dec.  15,     71'    5"\9  Nice  M.T.                a=71053'7",  8=+ 12°  \(J  40". 

Daily  motion, —  13'  in  re,  and  61  northward.  12". 

V.         Dec.  18,  12h  34m.8  Heidelberg  M.T.      a  =  87°  53',  8=+20°14'. 

Daily  motion. —  16'  in  «,  and  .">'  northward.  11". 


The  name  Svea  has  been  given  to  tbe  planet  found  by  Wolf  on  March  -'1 .  and  Roberta  to  thai  of  Staus,  Sept.  1 ,  ( 1892C). 


NOTICE. 

The  Library  of  Columbia  College,  New  York  City,  has  for  .sale  a  set  of  the  Astronomisclu   Nachrichten,  vols.  H28, 
inclusive,  in  perfect  condition  and  mostly  well  bound.     Offers  may  be  sent  to  Mr.  Harold  Jacoby  at  the  College. 


CORRIGENDA. 

No.  27."..  p.    82,  col.  1.'.  line  10  for     IV'  ">"    25'  put     1'-"'  5"    25s. 

No.  283,  p.  149,  Comet's  app.  <S    Nov.  10    for     +38°  10    12".  7     put     -(-38°  10'  38*. 
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Mil  KoMI   111:    MEASURE8    OF    I'HE    ElFTH    SATELLITE    OF    -Ii   PITER,    BY    PROF.   E.    E.    BARNARD. 

on  the  Period  oi   5950  IT  Hercui.is,  by  Mr.  Henry  M.   Parkhorsi 

III    IERVATIONS    OF    COMET  ff  1892  (BROOKS),    BY     PROF.  J.  G.  PORTER. 
FlLAR-MlCROMETER    OBSERVATIONS    OF    COMET  g   1892,    BY    MlSS    MARY    V7.    WHITNEY 
I'll   vR-MlCROMETER    OBSERVATIONS   OF    COMETS  g    IND  /  1892,   BY    PROF,    lv    E.    BARNARD. 

Meteors  of  1892  November  23,  by  Prof.  William  .1.  Hussey. 
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OX  THE  CONSTANT  OF  ABERRATION, 

By  s    C.  CHANDLER. 
I. 


(22) 


§1.  The  problem  to  be  solved  in  the  revision  of  the 
various  determinations  of  the  aberration-constant,  to  free 
them  from  tin'  effects  of  the  latitude-variation,  is  as  follows. 
A  series  of  observed  apparent  zenith-distances  having  been 
reduced  with  an  approximate  aberration-constant  and  an 
assumed  constant  value  of  the  latitude,  ii  is  required  to  find, 
from  the  resulting  obsen ed  declinations,  the  true  alienation, 
parallax,  mean  latitude  and  destination,  and  the  elements  of 
the  variation  of  latitude  according  to  the  law  of  equation 
(19).  Following  is  a  synopsis  of  the  notation  and  working 
formulas  uniformly  used  throughout  the  succeeding  investi- 
gations. 

Let    <f    =  actual  latitude  at  the  dab    '. 

I  v'"   =    true  mean   latitude. 

J  <p\  =  an  assumed  v  alne  of  i    . 

S    =  observed  declination  at    the  date   '.    re- 
duced to  a  common  epoch. 
(80  :=  true  declination,   free    from  the    latitude- 
variation, 
8'0  =  an  assumed  value  of  8  . 

(28)     For  brevity,  put     7\  =  2",  +  -z       •      0  =  O' -i 

u 

so  that  (19)  becomes 

(24)  <.-„  —  <p  =  r,  cos(t—  T\)6  +  rscos(Q— G") 
Take  an  assumed  approximate  value  of    '/",.   so  that 

(25)  V",   =    7"„  +    IT     .      and  put      ;•=(<-'/       0 
Further,  let 

j-  =  con-,  to  assumed  mean  latitude,  or  jrn  —  </'••• 

(C   =   eon.  to  assumed  declination.  01 
y  =  —  »-,sin(0     /'/')     .    z  =  — ncos(fl     IT 
i  -"  i     r,  =  —/•._,  sin  <•'  .     .'  =         r  cosG 

j  u  =  eorr.  to  assumed  aberration-constant, 
J  n  =  annual  parallax, 
■  n==  8'0 —  8,  upper  culm.,  or  >N       8'0  .    lowerculin., 

(27)    )>  =  sine  cos8  -  cos    sin  resin  8  .  q  -      cosn  siu8 
the  signs  of  p  and  q  being  changed  for  lower  culmination. 
Further,  take 


(28) 


)'  =    i/ii  —  pn    I 

Z  =  i 


No  sensible  error  will  arise  with  so  small  a  quanl 

the  parallax,  in  regarding  the  earth'-  orbit  as  circular. 
Then  we  have 

X  q:  z  +  >l  sil                             •     )'sinG    '    /  i'OS0  =   i. 
the    upper   sigU    Of    z    COrreS] line    to    upper   cidn.it 

Each  observation  gives   an    equation   of  condit 
form.      The   values    )'  and   '/.  of   th( 
the  various  stars,  being  insetted  in 

lat  til    gives       a.  .7.  /,  and  .'.        Ilicu   \\  I 

m  =  V."   •  ,        rt=   -.  F+? 


tanff/      // 


y 


and  tinallv    1\  and   G    from   I  25)   and 

In  regard  to  the  peculiar  arrangement  of    t 

tnployed,  it  is  desired  to  say  that,  while  the  ordinarv 

met  hod  of  computing  the  coefficients  of  the  parallax  an 

ration  for  the  separate  observations  u 
management  of  the  work  would  have  : 
The  introduction  of  the  functions  V  and  / 
u.  n,  tj  and  £   ia  aot   only  a  labor-sa\ 
tions,  but  greatly  facilitates  the  discussion  of  I 
An  examination  of  the  above  equ  il 

conditions    under    which    the    <■•■ 

make  the  solution    a   dctermin:  I  all  the  iinki 

and  the  most  convenient  mode  of  nipu- 

tation. 

The    corrections    to    the     mean     latitude    and 

X  and  -:.   can  both  be  found  only  f 

and  lower  culminations      If  in  this 

ither  singly  or  in  grou| 
nations  of  8  at   both  culminat 
made  very  conveniently.     Thus 

Ons,  01    each  pair  of  groups,   we  put 

we    have,    from  the    half  a 
culmination-. 


17s 
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(82)       x  -t  y  sin;  -f  z  cosy  -t  /,  sin©  +  ,'  cos©  = 

ami  from  the  half-differences, 

(33)  — ;  +  FsinO  +  ZcosO  =  n, 

q  Y  +  pZ  qZ  -  )>Y 

P     f    7 


P"  +  '/ 

In  i his  case  all  the  unknowns  are  determinate,  even  if  1ml 
one  Btar  be  observed,  provided  the  series  he  long  enough  to 
secure  a  proper  difference  in  the  coefficients  of  the  127-day 
and  the  annual  terms. 

If  we    have  only  observations  at    upper  culmination,  as 
in    prime-vertical    transits,    for   example,    we   get,   putting 
X  =  x  —  f , 
(85)        X+  y  sin  ;  +  z  cosy  +  Y  sin  ©-4   7  cosO  =  n 

I  in  t  here  the  problem  is  indeterminate  if  bu1  one  star  has 
been  observed;  for,  with  YnndZ  found  from  (35)  substi- 
tuted in  (28),  we  have  only  two  equations  to  find  four  un- 
knowns, a.  77,  ij  and  T.  To  obtain  a  determinate  result  in 
this  case  we  shall  have  to  introduce  \alncs  of  i,  and  T  found 
from  some  other  source,  and  get  u  and  ,t  from 

q{  Y-,,)  +  p(Z-S)  q(Z-Q  -P(  V->, ) 

5 — ; — -, '   "  —  i    i 

p-  +  g-  P  +9 

If  several  stars  have  been  observed,  the  solution  will  be 
determinate  if  they  are  reasonably  well  distributed  in  right- 
ascension.  Each  star  will  give  a  value  of  Fwith  its  weight 
10],  and  of  Z  with  its  weight  ws.  Eliminating?!  from  (28) 
we  find 

(  37)  q,t  +  i>:  +  Q>2+o>  =  <i  Y  +  pZ 

the  weight  of  which  is 

(38) 


(36)  n 


?c,  p-  ■+■  u\  qL 

Each  star  gives  an  equation  of  condition  of  the  form  of 
(87):  the  solution  of  all,  using  the  weights  according  to 
(38),  gives  the  correction  to  the  assumed  aberration,  u,  and 
also  the  values  of  /;  and  i.  Then,  substituting  the  latter  in 
(36),  we  get,  if  desired,  the  aberration-correction  furnished 
by  the  several  stars,  and  also  their  parallaxes. 

The  above  brings  to  light  the  uncomfortable  fact  that  all 
determinations  of  the  aberration  and  parallax,  from  series 
like  those  ou  a  Lyme  (1862-67)  with  the  Washington  prime- 
vertical  transit,  or  on  y  Draconis  (1857-75)  with  the  Green- 
wich reflex  zenith-tube,  —  not  to  quote  other  examples, — 
must,  from   the   nature  of  things,  be   illusory  :   and   that  the 

Peters's  Vertical-Circle  Observations  of  Pola 


§2- 

These  observations  are  given  by  Peters  to  the  end  of 
April  1843,  in  his  Recherche*  sur  la  Parallaxe  des  Etoiles 
Fixes.  I  have  employed  them  as  given  by  GYLDEN  in  the 
introduction  to  vol.  V  of  the  Pulkowa  Observations,  con- 
tinued to  November  1844.  Using  the  value  of  80'  =  88°  28' 
58".  19  (see  Obs.  cle  Poidk.,  IV,  iritrod.  p. (5)),  corresponding 
to  p'0  =  59°  46'  18".67,  the  values  of  n,  eq.(26),  were 
found  for  the  181  upper,  and  191  lower  culminations.  These 
correspond  exactly  to  the  ns  given  by  Ntren  in  his  Memoir 
on  the  Latitude  of  Pulkowa,  pp.  17-23.     Groups  were  then 


constants  heretofore  deduced  in  those  cases  are  fallacious. 
We  can  now.  iudeed,  easily  explain  the  persistency  with 
which  negative  parallaxes,  have  appeared  in  some  ol  these 
instances,  and  abnormally  large  positive  parallaxes  in  others. 
This  will  be  abundantly  illustrated  in  the  sequel.     Thus  is 

also    revealed    the    soinee     of     the    extraordinary    systematic 

anomalies  in  the  aberrations  indicated  bj  the  different  Btars 

in  Nykkn's  determination  of  1880-82.  It  may  not  be  out 
of  place  to  remark  with  regard  to  the  latter  that  the  time 
chosen  was,  accii  lent  ally .  favorable  to  the  smallest  possible 
display  of  such  anomalies,  since  at  that  epoch  the  427-day 
and  the  animal  terms  nearly  nullified  each  other.  If  it  had 
been  undertaken  a  couple  of  years  earlier  or  later,  when 
these  terms  operated  in  the  same  sense,  the  disturbances 
would  have  been  multiplied.  If  that  research  had  been  con- 
tinned  it  would  undoubtedly  have  precipitated  tin'  discovery 
of  the  existence  and  the  law  of  the  variation  of  latitude. 

Besides  the  series  suitable  for  the  derivation  of  the  aber 
ration,  there  are  a  large  number  of  others  from  which  it  is 
proposed  to  deduce  the  elements  of  the  latitude-variation 
alone,  homogeneously  by  the  application  of  the  above  for- 
mulas. The  collation  and  discussion  of  all  will  then,  it  is 
hoped,  enable  us  to  Bud  the  definitive  values  of  the  CO-effi- 
cients,  and  the  law  of  their  variations.  The  computations 
in  this  direction  so  far  made  confirm  a  conviction  forced  on 
my  attention  last  summer  by  the  solutions  from  which  table 
XI,  p.  99,  was  formed,  and  which  was  strengthened  by 
special  examination  —  that  there  very  probably  exists,  in 
addition  to  the  short  terms  of  twelve  and  fourteen  months, 
another  variation  in  latitude  of  much  longer  term,  which  is 
undoubtedly  the  same  as  that  signalized  by  NtREN  and 
Gotjld,  and  gives  the  (due  to  Doolittle's  singular  results. 
Whether  periodical  or  irregular  is  now  uncertain.  If  the 
former,  the  cycle  is  somewhere  between  seven  and  fifteen 
years.  Its  discussion  must  be  reserved  until  the  completion 
of  the  investigation. 

With  this  genera]  explanation  of  the  method  of  forming 
and  solving  the  equations  of  condition  —  minor  modifications 
of  which  may  be  made  in  special  cases  as  they  arise  —  let  us 
now  proceed  to  the  discussion  of  the  various  series  of  ob- 
servations. Only  the  more  essential  particulars  will  be 
given,  fuller  details  being  reserved  for  a  memoir  which  will 
appear  later. 

1842-41. 


formed,  for  the  culminations  separately,  comprising  obser- 
vations not  over  a  week  apart  generally  and  rarely  over  ten 
days  apart.  These  groups  were  so  taken  that  their  mean 
dates,  for  the  two  culminations,  rarely  differed  more  than  two 
days.  In  doing  this  13  u.c.  and  13  I.e.  observations  had 
to  be  excluded  for  want  of  corresponding  ones  at  the  other 
culmination,  thus  reducing  the  weights  from  4 1) 9 . 0  to  462.4 
for  u.c.  and  from  537.8  to  502.7  for  I.e.  This  slight  sacri- 
fice of  material  is  far  more  than  compensated  for  by  the. 
advantage  that,    in   the  discussion    of    the    aberration    and 
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parallax,  the  latitude-variation  is  completely  eliminated, 
and  viceversa,  —  as  is  shown  by  equations  (31),  (32)  and 
(33).  Taking  the  half-sums  and  half-differences  of  the 
simultaneous  groups,  we  get  the  values  of  n  and  ts,  eq.  (31), 
and  the  moan  dates  and  weights,  in  table  1  ;  the  w<  ights  of 
course  being  taken  equal  to 

to,  +  w, 

Peters's  weights    foi    the    individual   observations   were 

used.  The  results  for  n  and  it-  products  were  carried  to 
the  third  decimal  place,  but  are  hen-  quoted  only  to  the 
second. 

Equations  of  condition   were  formed  accordii  E 
using  for  the  computation  of  the  coefficients  in   (25),  the 
values  6  =  0°.835,  and  7"„  =  2394125,  obtained  from  (15). 
The  44  resulting  observation-equations  give  the  normal  equa- 
tions, 

+  231. 00a;—  55.81y  —     8.612+63.98)/+     6.06f=H 


SI  +132.58 

—     8.61  —  30.47 

+   63.98 11.71 

+     6.06  +  88.66 

the  solution  of  which  gives 


30.47  —41.71     +    88.66    =—6.35 

-102. 29    = 


—  30.28    +78.66    +    18.93 

—  102  29    +18.93    +152.34 


=  —0.97 
=  —8.93 


x  =  +0.0420 
y  =  +0.0192 
2  =  —0.0743 
i,  =  —0.0368 
t  =  —0.1167 


JT  =  — 14°.a 
IT  =  — 17d.3 
T\  =  2394108 


I   By  eq.  (30) 
f    and  (25) 


O'  =  17  .5 

)•.,  =      0".122  J 

whence,  by  eq.(24),  the  true  value  of  the  latitude  al   anj 

observed  date.   t.   is 

<p  =  59°  46'  18".712 — 0".077  cos(<— 1842  Sept.  29)  X 

(39)  — 0".122cos(© 

Nyren's  value  from  these  observations  was  59   16'  18  .727 
With  the  values  of  ns  in  table  I.  we  form  equations  of 

condition  according  to  (33).     The  coefficients  in  the  left- 


hand  members  of  the  norma; 
taken  from  the  pi 

+    63 

+      6  =    -7.14 

-  ilution  of  u  I 
f  =  — 0".00U  ,     Y=  H 

whence  by  (34),     u  = 
the  definitive  values  of  the  alienation  ai 
this  series  are, 
Aberration, +2C.510   ;    P  O'.OSS 

The  first  differs  unessentially  from  Ci 
l  siderably  nearer  1 1 

suits  obtained  with  this  instrument. 
ha\  e  given  I 

Nyhan's  obs   rvations.      h    I 
to   note   that    the   I 
sixth  of  Nyren's  normal   eqn 
1037.40  instead  of  937.40,  so  that   a 
not  be  made  without  collecting  his  si 
also   fail   to   reproduce   the  corresponds  _ 
( ii  i .[■■ 

should  read  233.00  ins:. 
and  t.      But  the  changes  in  the  unknowns  would 

As  a  matter  of  curiosity,  the  vali    - 
have  been  con  eel.. 1  foi   the  periodical  ten 
solution  repeated  with  the  cot 
normal  equations;  this  gives  in  our  tion, 

x  =  +0".0420  .     -r  =  — 0*.0091, 

«=^  - 

But  as  the  data  are  not   entirely  -; 
to  culmination,  and   ray  calculation  W  ll   ex- 

treme care,  these  values  are  ti 

control  of  the  definitive  solution  above  given. 


Tabi  i    1 

Pi  i  i  rs's  Vertk  w  -Ciri  i  i    »  Ibsi  r\  ations  "i 

.11. 

t 

to 

ii, 

"i 

>t. j 

Ds 

{ 

10         n,            r. 

ir, 

i 

»i 

1842 

IS4'.'-." 

Mar  1  1 

1 

+  .15 

+  .1  1 

+  .30 

+  .27 

Aug.   19 

10  —.01   —.06 

20 

5 

+  .05 

+  .06 

.00 

—  .04 

21 

6       .00  —.06 

—  .07 

—  .07 

Apr.  3 

3 

—  .2n 

—.18 

—.13 

—.18 

Sept.   16 

8  +.16 

Sept.    1  1 

n    -  .  i ; 

in 

3 

—.01 

,00 

+  .09 

+  .02 

21 

3   +.15 

16 

5 

+  .11 

•  .13 

—  .01 

Oct.      i 

1    —.05 

1 

28 

5 

+  .11 

+ .  1 3 

—  .(15 

—.13 

14 

10  +.;.'• 

4    +.10 

May    1 

3 

+  .10 

+   12 

+  ..",n 

+  .22 

2  2 

—.19 

—  .12 

'   14 

3 

*  .in 

+  .06 

+  .1S 

+  .09 

Dec.     18 

1   —.28 

• 

24 

3 

4  .07 

•  .01 

1 

2  — .0  ■ 

28 

3 

—.07 

—.05 

+  .12 

K04 

Is 

j  —.04 

—  .01 

Apr.     7 

June  G 

10 

—.07 

—  .0(1 

+  .1(1 

■ 

Mar.      7 

i    —.03 

19 

■ 

2  2 

s 

—.06 

—.06 

+  .15 

18 

—.05 

' 

• 

July    ti 

7 

+  .02 

.on 

.00 

2  1 

7  —.09 

18 

7 

—  .07 

—.09 

+  .06 

.00 

Apr.      8 

Aug.  6 

1  1 

K05 

.(in 

—  .05 

18 

8  —.02 

. 

I8Q 
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SUNSPOT   OBSERVATIONS, 

MADI      i HAVERFORI B  OBSERVATORY    WITH    I  1 1  ■•:  8-INOH    RQUATOBIAL, 

Bl     W      II     (  OLLINS 


1892 

Time 

Grs. 

Spots 

Fac. 

Def.  unci  Size 

1892 

1  mi. 

Gra. 

Spots 

Gr. 
Fac. 

Def.  ami  Size 

July      2 

2 

3 

I'll 

0 

pool 

Sept.   24 

1  1 

5 

59 

1 

poor 

3 

10 

5 

30 

2 

fail 

25 

9 

5 

47 

2 

pool 

4 

9 

4 

53 

3 

good  ;  2  large 

26 

10 

8 

51 

3 

fair 

5 

9 

3 

77 

1 

fair,  1  large 

27 

10 

7 

106 

3 

good,  2  large 

6 

8 

3 

63 

0 

poor,  ■">  large 

28 

9 

7 

86 

2 

faii- 

7 

9 

5 

92 

2 

fair,  4  large 

29 

1  1 

6 

60 

1 

fair 

8 

9 

7 

169 

2 

g 1,  1  large 

30 

11 

7 

97 

2 

fair,  4  large 

9 

:i 

5 

127 

0 

good,  7  large 

10 

10    N 

5 

134 

2 

good.  2  large 

Oct.       1 

10 

7 

94 

0 

line,  1  lai  ge 

11 

9 

5 

83 

1 

poor,  3  large 

2 

9 

6 

60 

0 

poor,  2  large 

12 

8 

5 

91 

2 

lair.  :>  large 

3 

9 

7 

100 

2 

fair.  1  large 

13 

9 

4 

95 

2 

fair,  4  large 

5 

9 

7 

109 

1 

poor,  2  large 

14 

2 

5 

80 

1 

fair,  •">  large 

6 

9 

5 

77 

2 

fair.  1   large 

15 

8 

4 

59 

•> 

fair,  2  large 

7 

10 

5 

118 

2 

fine,  1  large 

16 

9 

5 

43 

1 

fair,  3  large 

8 

9 

5 

94 

2 

g 1.  2  large 

17 

9 

5 

33 

1 

poor,  -  large 

:i 

2 

6 

64 

1 

fail .  -J.  large 

18 

9 

6 

911 

2 

poor,  1  large 

10 

9 

6 

63 

3 

faii- 

20 

9 

5 

43 

0 

poor,  1  large 

n 

10 

2 

40 

1 

good.  1  large 

21 

10 

3 

11 

2 

fair,  1  large 

12 

9 

1 

24 

0 

fair 

22 

9 

5 

22 

3 

fair,  1  large 

13 

2 

3 

72 

0 

tin,' 

23 

9 

4 

18 

3 

poor 

14 

10 

5 

89 

2 

line 

24 

9 

5 

38 

1 

good 

15 

10 

6 

59 

1 

fair.  1  large 

25 

8 

7 

56 

1 

faii- 

16 

9 

4 

44 

0 

faii- 

26 

9 

6 

58 

2 

poor,  3  large 

17 

9 

7 

35 

2 

fair 

27 

8 

5 

49 

2 

fair,  2  large 

18 

10 

2 

21 

0 

faii- 

28 

9 

6 

37 

0 

poor,  4  large 

19 

9 

4 

22 

2 

bad 

29 

8 

6 

79 

0 

poor,  2  large 

20 

10 

5 

43 

1 

poor 

30 

9 

6 

70 

0 

poor,  2  large 

21 

9 

6 

46 

2 

22 

9 

7 

51 

2 

faii- 

Aug.     3 

9 

5 

79 

0 

fair,  8  large 

23 

9 

6 

33 

2 

fair 

4 

9 

4 

71 

1 

fair,  3  large 

24 

8 

7 

28 

1 

poor 

5 

9 

6 

66 

3 

fair,  2  large 

25 

10 

5 

19 

0 

faii- 

30 

9 

5 

52 

3 

fair,  2  large 

26 

11 

3 

28 

1 

good 

31 

2 

5 

30 

3 

fair,  3  large 

27 
30 

10 
10 

3 
5 

33 

71' 

3 
1 

good 

fair.  2  large 

Sept.     1 

9 

6 

40 

2 

good,  2  large 

31 

12 

7 

115 

1 

good,  2  large 

2 

9 

5 

30 

2 

poor,  2  large 

3 

8 

5 

29 

1 

poor,  2  large 

Nov.     1 

10 

7 

89 

2 

good,  2  large 

4 

2 

4 

21 

1 

bad,  2  large 

2 

11 

7 

80 

3 

fair,  2  large 

5 

9 

4 

15 

2 

poor,  1   huge 

:s 

10 

6 

73 

2 

poor,  2  large 

6 

9 

4 

10 

2 

fail' 

5 

10 

3 

40 

1 

poor  5  large 

7 

9 

7 

38 

2 

poor 

6 

9 

4 

46 

3 

poor,  2  large 

9 

11 

5 

54 

2 

poor 

8 

3 

3 

42 

2 

good 

10 

9 

6 

107 

2 

fair 

11 

9 

4 

13 

1 

poor 

11 

9 

5 

85 

•> 

| r 

13 

9 

4 

23 

1 

poor 

12 

8 

6 

95 

■> 

poor 

14 

10 

3 

37 

1 

faii- 

13 

11 

4 

57 

2 

bad 

16 

12 

4 

93 

1 

fair 

11 

9 

4 

4ii 

2 

bad 

17 

9 

3 

87 

1 

good 

15 

8 

6 

41 

1 

fair,  i  large 

l'.i 

12 

3 

38 

0 

poor,  2  large 

16 

9 

5 

41 

0 

poor,  1  large 

20 

9 

3 

51 

2 

fair.  2  large 

17 

8 

5 

28 

1 

poor,  1  large 

21 

4 

5 

69 

2 

good,  2  large 

18 

9 

6 

29  ' 

2 

poor.  1  large 

22 

11 

3 

62 

1 

fair.  5  large 

19 

8 

4 

43 

1 

fair 

23 

9 

5 

59 

0 

poor,  5  large 

•_'ii 

8 

3 

42 

2 

poor 

26 

10 

3 

55 

0 

poor.  1  large 

21 

10 

3 

49 

1 

pooi- 

27 

10 

4 

5:; 

0 

bad,   1  large 

23 

12 

4 

60 

1 

fair 

30 

10 

8 

65 

1 

bad,  1  large 
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1892 

Time 

<ir>. 

Gr. 
Fac. 

Def.  in;     - 

Time 

Dec.      1 

9 

10 

64 

1 

fair.  1  large 

Dec.    10 

3 

11 

-- 

_ 

2 

11 

9 

99 

3 

1 i.  l  large 

11 

- 

71 

; 

3 

11 

i 

60 

1 

good,  I 

\2 

in 

- 

1"7 

fair.   ! 

4 

9 

10 

106 

2 

good,l  large 

18 

•> 

1 

0 

10 

11 

102 

.". 

faii- 

20 

12 

2 

1" 

1 

6 

9 

9 

63 

1 

fnir 

•21 

:; 

3 

27 

1 

fail 

7 

4 

11 

89 

1 

fair.  1 

22 

10 

:; 

41 

2 

fall 

9 

10 

9 

80 

3 

fair.  .'!  large 

23 

12 

3 

14 

0 

bad 

The  observer  was  absent  from  August  5  toSO,  and  from  December  23  to    1893  January  1. 


OBSERVATIONS   OK   COMET  a  1892    swift,, 

MADE    AT   THE   OBSERVATORY    III-'    HIE   STATE    INI  Yll:-I  1  Y     (I    COLI  MUM      Ml--.il  l:l 

liv  MILTON   UPDEGRAFF. 


1892  Columbia  M.T. 

* 

No. 

#- 

-* 

ipparenl 

- 

Comp. 

Ja 

J8 

a 

8 

for  a 

Mar.  1(> 

17  38  41.6 

1 

5 

— U 

2. 1 1 

—  1   23.6 

h 

19 

.".  55.3 

n9.4771 

11 

17    13  39  1 

2 

i 

— 0 

17.54 

—2  21.6 

19 

: 

—  -j  7 

U    18.7 

12 

17   11      2.8 

.". 

8 

+  0 

51.02 

—6     1'..". 

19 

•J  7     ."..'.':> 

—26 

21  :;:;.i 

22 

17     2  38.4 

4 

7 

+  1 

53.48 

—2  20.0 

20 

11    17.7:1 

—  If. 

:;:•  55.1 

23 

16  52  :'■:;. 5 

0 

!l 

+  1 

- 

+  7  56.7 

20 

16      o.s 

—  1.". 

38.1 

27 

16  54  36.6 

6 

s 

+  ii 

—2     ."..7 

•jo 

32  34.63 

—  11 

30 

16    11   20.6 

7 

8 

— 0 

+  4  36.0 

•jo 

- 

16.6 

April    1 

16  37    19.8 

8 

6 

— :> 

59.47 

26.4 

20 

52  21.79 

—  6 

o 

16  27   17.7 

9 

6 

—3 

30.08 

+  5   lo.:' 

21 

- 

—   1 

58  27.1 

Mav    2i'. 

15  30  43.3 

10 

6 

— 0 

:;;.17 

-o  :;:..". 

2.-. 

42     2.12 

+  3.'! 

- 

June  27 

12   19  32.8 

11 

+  0 

38.13 

+  4     1.9 

0 

+  4;> 

50  21.7 

- 

28 

[2  33  35.0 

12 

8 

_  2 

6.06 

— :i     2.9 

+  16 

-  - 

30 

11    34  34.1 

13 

- 

—  1 

32.64 

+  i  ;»7.i 

0 

45   18.77 

+  46 

32  31.9 

• 

July      4 

11    1.".  48.5 

14 

6 

— 3 

52.43 

+  0     2.1 

0 

19  57.53 

26   14.6 

M'lin   Places  <;/'  Comparison- Stars  for  1892.0. 


* 

a 

Red.  to 
app.  place 

8 

Red.  in 
app.  place 

Anil. 

1 

19   17  46*17 

— 0*80 

—28 

. 

- 

'           rill  > 

•; 

19  23   11.32 

—0.7:' 

—27 

12    21.0 

—  6.1 

hi       nail) 

■". 

19  2i'.    15.75 

—0.78 

—20 

15  26.2 

—  6.4 

\    _    '  .1  n. (  at.  in'    . 

4 

20     9  54.91 

—0.66 

—16 

37  26  2 

—  8.9 

\    _    i  .        i 

5 

•jo    u   .M.I 

— 0.65 

—  15 

—  9.1 

SDM.no 

6 

•jo  32      1.58 

—  11 

—  10.2 

Lal.i 

7 

•jo    I.",  83.7 

- 

21.0 

—10.6 

-  1»\1    DO 

- 

•jo  58  21.90 

0.64 

—  6 

15      1.1 

ill  ) 

9 

21    11      1.25 

—0.59 

•> 

-11.5 

\    _    <•         ' 

10 

23  42  :'.:'.:'  1 

—  11.4 

w   B  Will.  876 

11 

o  40  51.88 

16    27.1 

—   7.6 

l.al    ; 

12 

o    i  i   56.1  1 

+46 

—   7.4 

Lai.                            R   \ 

13 

0  46  51.01 

I  0.  10 

30    12.2 

—  7.1 

l.al.  1 

U 

o  53    19.46 

4-0.50 

26   19  3 

lli.'  corrections  for  differential  refraction  nave  i"''"  applied. 
'I'lir  observations  of  March  I",  n  and  12,  have  already  been  pub- 
lished in  A.J.  No.  260,  but  are  Inserted  hen account  of  slight 

changes  in  the  declinations  due  to  change  In  the  ado 


■ 
i;   \ 


is-.' 


I'll  K     A  STRONOMICAL    JOURNAL. 


v    287 


o.\    Till:    PROBABLE    LARGE    PARALLAX    OF   pCYGM, 

liv  HAROLD  JACOBY. 


The  lii  mi  rfi  bd  photographic  measures  of  the  stars  about 
i  contained  in  the  sixth  volume  of  the  Annul*  of  tl" 
Neit  Fork  Academy  of  Sciences*  exbibil  certain  discordan- 
ces which  can  lie  explained  cm  the  hypothesis  of  a  parallax 
i"i  |3  Cygni,  amounting  to  nearly  a  whole  second  of  arc.  I 
inn  aware  thai  the  evidence  on  this  poinl  cannot  be  regarded 
as  conclusive,  but  it  is  sufficiently  strong  to  make  this  star 
an  object  of  especial  interest  ami  promise  to  parallax-ob- 
servers. The  Rutherford  measures  an'  taken  from  six 
negatives,  three  of  which  were  made  1875  .Inly  26,  ami 
tlir  other  three  1875  Sept.  20.  Bach  negative  has  two  im- 
pressious,  so  that  there  are  actually  six  observations  for 
each  date.  I  have  selected  from  the  Rctherfurd  lisl  five 
pairs  of  comparison-stars,  subject  to  the  conditions  that  the 
two  stars  of  each  pair  shall  differ  approximately  180°  in 
position-angle  with  respeel  to  the  star ;;  Cygni,  and  shall  lie 
at  approximately  equal  distances  from  the  same  star.  I 
have  then  computed  the  parallax  separately  from  each  pair 
of  comparison-stars,  in  the  usual  manner,  except  that  1  have 
reflected  the  proper  motion  of  t-i.  This  is  given  as  — 0".026 
in  R.A.,  and  — 0".013  in  8 by  AuWERS,  and  would  therefore 
he  quite  inappreciable  in  the  space  of  two  months,  which 
separates  the  two  dates  of  observation.  Moreover,  under 
the  circumstances,  the  proper  motion  could  not  he  deter- 
mined separately  from  the  parallax. 

'Contributions  from  the  Ohservatorv  of  Columbia  College,  No.  4. 


My  method  of  procedure  will  be  plain  from  the  table  given 
below.  It  will  be  seen  that  I  have  used  the  difference  of  the 
distancesyof  the  two  comparison-stars  from  (S  as  the  quantity 
from  whose  variation  the  parallax  should  appear.  The  die- 
tauces  are  expressed  in  divisions  of  the  glass  scale  of  Rt  ra- 
i  i.i  i  bd'b  measuring  micrometer,  and  are  fully  corrected  for 
refraction,  etc.  The  numbers  in  the  column,  "  Diff.  "I  l>i^- 
tances,"  have  received  a  small  correction  when  necessary, 
loyalist's  the  scale  value  condition  that  the  •■Sum  of  Dis- 
tance.-," Bhall  always  be  constant.  This  correction  was 
always  inappreciable,  except  in  the  case  of  the  pail  '_'.  38, 
where  it  amounted  to  0d.0017.  Since  there  are  only  two 
dates  of  observation,  we  can  gel  but  two  equations  from 
each  pair  of  Comparison -Stars.  I  have  therefore  not  UBed 
least  squares,  but  have  in  each  case  deduced  at  once  the 
final  equation  for  tt  by  subtraction.  This  equation  is  given 
in  the  table,  and  it  will  be  seen  that  some  of  tin'  parallax- 
coefiicients  are  of  fair  size.  The  final  columns  contain  the 
parallax  in  scale  and  are,  one  division  of  the  scale  being 
approximately  equal  to  28".01.  I  have  given  to  each  deter- 
mination a  weight  equal  to  the  parallax-coefficient  in  the 
corresponding  equation,  and  find  the  weighted  mean  to  be 

Parallax  of  {S  Cygni  =  +  0".97 


Comparison  Approximate 

Stars  Position-Ansles 


Date 

1875 


Distance 
Star  a         Stare1) 


Sum  of 

Distances 


Difl'.  of 
Distances 


Equation 


Parallax  of  i 
Scale  Arc         Wt. 


12(a), 27(6)   221(a),    45(6) 
35(a),    3(6)    137(a),  306(6) 


2(a), 88(6) 

23(a).  22(6) 
36(a),    8(6) 


270(a),  112(6) 
172(a),  3(6) 
44(a),  220(6) 


July   26 
Sept.  20 

July    26 

Sept.  20 

Julv    26 
Sept.  20 

July   26 
Sept.  20 

Julv   26 
Sept.  20 


60.0836 
.0568 


101.61)74 
.7070 


103.6737 
.6324 


81.0177 
.0053 


100.0193 
.0449 


55.4940 
.5155 


100.8574 
.8409 


r.s.'.n  is 

.9323 


7-1.7-193 
.7(127 


98.6555 
.6356 


115.5776 
.5723 


202.5548 
.54  79 


182.5885 
.5647 


1, ".5.767(1 
.7680 


198.6748 
.6805 


4.5895 

.5414 


II.Slllll 

.8661 


24.7572 

.7018 


6.268-4 
.2426 


1.3638 
.4093 


1  +.0285  +0.80 

+  0.31  n—  +.0261  +.0843  +2.3(i 

+  1.11  tt=  +.0554  +.0499  +1.40 

+  1.00»=  +.0258  +.0258  +0.72 

+  1.71  n=  +.0455  +.0266  +0.74 


1.69 


0.31 


I. on 


With  regard  to  the  reliability  of  the  above  determination, 
I  wish,  to  a  certain  extent,  to  allow  the  evidence  to  speak 
for  itself.  No  satisfactory  explanation  of  the  observations 
has  occurred  to  me,  except  the  hypothesis  of  parallax.  1 
have  purposely  retained  the  pair.  35,  3,  which  has  a  very 
small  parallax-factor,  in  order  to  secure  a  very  wide  distri- 
bution in  position-angle.     This,  I  think,  has  been  secured. 

Columbia  College  Observatory,  1S93  Jan.  20. 


and  combined  with  the  great  constancy  of  scale-value,  as 
evidenced  by  the  close  equality  of  "  Sum  of  Distances"  on 
the  two  dates,  seems  to  negative  any  explanation  based 
on  possible  shrinkage  or  distortion  of  the  film.  I  am  of 
opinion  that  p'  Ctigni  will  be  found  to  be  one  of  our  nearest 
neighbors  among  the  fixed  stars,  so  far  examined  for  par- 
allax. 
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OBSERVATIONS  OF   <  OMETS, 

HADE    Willi    nil:    [6-INCH    REFRACTOR    "I     GOODSELL    OB8ERTATORT    01     CARLETOM    I  I  II I  I K I  I  • .    MINN 

By  II.  U.   WILSON, 
raunicated  by  Prof.  \V.  \v.  Payke,  Director.] 


1K92  Nortlilkdd  M.T. 


No. 
Comp. 


-* 
la         I  /8 


's  apparent 


(  o mi  r  a  1892  (Swift). 


Apr. 
May 

June 
Sept. 

Oct. 


5 

22 
25 


16  57  40 

1 

6  ,  6 

15   24  33 

2 

12,4 

12  41    53 

3 

8  .    1 

12  41    53 

4 

6  .  2 

1  2  4 1   53 

5 

2  .  2 

13  54   49 

6 

12,1 

13  54  49 

7 

12  ,  4 

10     8    17 

8 

9  .   1 

11    14   30 

9 

10  ,  6 

10  36  4  0 

in 

0  .  6 

9     ii    18 

10 

6  .   1 

+  0  36.52 

+  1  32.27 

i  30   19 

-0  56.35 

—  1  L'."..N7 

+  •_>  5.63 

+  1  5.04 

—  1  37.33 
-ho  15.90 

—2  34.41 

—3  3.18 


*  8   1  1.6 

+  5   12.0 

-t  8   19.2 

—  ii  7.6 
+  I   32.1 

—  1  7.5 

—  1  19.6 

—  0  58.4 
+  I  18.4 
—12  26.8 


38.55 


ii  m 

0  9 

0  17 

0  6 

23  48 


0.07 
41.25 

34.54 


—   1    57     2.0 

+  11    II 


Apr.  28  11  54  2  II 
May  25  10  38  48  12 
Oct.     20     10  5  1  36        13 


WlNNEI  kk's  (  !OMI  I  . 

-2  23.62   +  1  16.3  11  37  13.63 

-3  15.02   -f  9  10.5  11  0  22.00 

-2  19.63  I  +  1  3.7  1  1  31.86 


Sept.  28   12  30  21  I   14 
Oct.  20  12  27  12    15 


Oct.    20       8     2  37 


Comet  d  1892  i  Br ss,  Aug.  28 

6  .  6      +<i     9.02      +    3     0.8        7  22     5.38 

15  |   12  ,  6  I  — 0  .".2.35      —  5  14.1        8  33     8.07 

Comet  e  1892  (Bark  ird  }. 

16  9  .  6      —1    19.21    i  —  ii   14.6      19    19 


21    10.6 
'  in  21   34.6 

+  50     I 

+42     - 

4  II    ."•!    22.6 


;  26.2 

_     25     1.5 


+  27     5    19.2 
+  18  38 


H9.704 
n9.704 
«9.704 

n9.551 

9.036 


- 


n9.123 


- 


Mean   Places  for  1892.0  of  Comparison- Stars. 

Red.  i" 

8 

* 

a 

app.  place 

app.  place 

Authority 

1 

21 

7 

2.61 

— 0.59 

_  2 

5      1.9 

—  11.6 

\|       -II 

2 

22 

5 

7.22 

—0.54 

+  11 

6     0.6 

—  13.2 

101) 

3 

23 

39 

53.8 

0.36 

t  3  l 

13.8 

—  11.4 

DM.34   1998 

4 

23 

in 

20.1 

—0.36 

1  34 

51.4 

—11.4 

DM.  34 

5 

23 

in 

48.0 

—0.36 

+  34 

17.:; 

—11.4 

DM.34 

6 

0 

7 

54.58 

—0.14 

•    10 

—  10.0 

■  1              I 

7 

0 

8 

54.68 

—0.1  1 

+  in 

25  52.1 

—10.0 

i.  36+Brus 

8 

0 

19 

15  i   ! 

7    15. 7 

+  17.8 

( toodsell  ( Ibservatoi  v  Mi                      ni^lits 

9 

0 

6 

20.69 

+  2.93 

!  18 

+  17.5 

Bonn  VI,  47  22 

10 

23 

51 

34.94 

;     ; 

+  12 

3  25.8 

'.(KmK-l.  6226H  Gr.  10 "J 

11 

1 1 

39 

35.4  1 

+  1.81 

1   13 

18  37.2 

1        2221     hW           BesselXI,i 

12 

1 1 

3 

35.89 

+  1.13 

1   18 

+  10.1 

i: 

13 

l 

3 

18.21 

i  3.28 

—26 

26  22.6 

+  17.1 

\\  ish.  M    1   /    -   '.        •  M  .     ■ 

14 

7 

21 

54.60 

+  1.67 

+  27 

2   16.5 

'.'  M icroin.  comp.  with  -  '■'■ 

15 

8 

33 

10.42 

1  1.88 

+  1S 

18  38.6 

—  0.6 

'  ■  u    i:  \  111.,                                 \I .111. p. 113 

16 

19 

50 

+  1.51 

+    ii 

54   38.4 

+   9.0 

Miuiicli  I.  22813  ;  II, 

Comei  a  L892    Sun  i 
April   ."..     The  cornel    Is  conspicuous    to    the   naked    eye,    the 

head  being  equal  to  a  fourth- gnitude  star.     The  tail  Is  raint,  bul 

can  be  traced  by  averted  vision  to  aboul  2  80'|  apparently  per- 
fectly straight,  in  the  telescope  the  nucleus  Is  nol  stellar,  bul  Is 
larger  than  the  star-Images,  and  lias  a  bright,  Indefinite  fan,  making 


an  augl 

llghi  caused  I 

remained,  almost  equ  i  ill  It. 

of  Under  Held 
mihI  well-defined. 
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May  26.    t ' et  bright  =  8".    Tail  about  two  diameters  <>f  Under 

ii,  l.i  [2°  30']  long. 

June  8.  Comet  easily  seen  In  Under  In  full  moonlight.  Faint 
tail   at  least  80'  lorn.'. 

Sept.  19.     Easily  visible  in  finder.     Nucleus  about  11M. 

Oct.  19.  Cornel  easily  .seen  iii  finder.  Nucleus  10*.6.  Head  I' 
in  diameter.    Tail  3'  long,  ami  spreading  to  2'  width. 

U'iwi  i  mis  Comet. 

April  28.  Visible  in  S-incb  Under.  About  l''  in  diameter.  Nu- 
cleus well-defined  :  about  n  mag. 

May  26.  Easily  seen  in  5-incb  finder.  Head  at  least  :'.'  in  diame- 
ter.    Nucleus  well-defined ;  llM. 


<iit. '.'ii.    Comet  vii  v  faint,  round,  I'  In  diameter,  with  central 
condensation. 

i  ..mi  i  <i  1892  (Brooks  , 

Sept.  28.    Cornel  brighter  than  when  last  observed.    Strong  con- 
densation of  nebulosity  aii. nit  tin-  nucleus. 

Oct.   20.     i  ..in.  i   quite  bright     Nucleus  nol    very   Btellar,   yet 
strongly  c lensed.     Tail  9'  long. 

(..Mi. i  «   1892    Barn  mil 
int.  l'ii.    Comet  faint,  round,  I'  in  diameter,  with  central  con- 
densation.    Nucleus  12".     Comet  barely  visible    iii  5-inch  Under. 
Barnard's  cornel   was  looked  for  on  several  later  nights,  but  was 

not  f.nunl. 


For  earlier,  obs 
N'.i-.  262  and  276. 


■i\  in  Ions   ..I    .unlets  ,,  anil  if  Is'.il'.  - 


EPHEMERIS  <)F  COMET  /"  L892 

BOSS. 

./.   .V-..  283.) 
Greenwich 


15v    LEWIS 
\  (Continued  from  A 

The  following  ephemeris  of  comet  /  1892  is,  founded  upon 
the  elements  published  on  page  150,  No.  283,  of  the  Astro- 
nomical Journal.  From  an  observation  by  Mr.  Lav  at  the 
Dudley  Observatory,  the  correction  of  this  ephemeris  for 
January  19.6  was:      la  =  +  1*.9;  JS  =  — 8". 


Greenwich 

App  a 

App  i 

log  A 

1893  Feb.    2.5 

1 

45 

43.65 

+  33 

19  34.3 

0.42284 

3.5 

1 

47 

13. 67 

33 

50   56.5 

4.5 

1 

48 

4  4.-2-S 

33 

52  23.1 

ii.  12795 

5.5 

1 

50 

15.46 

33 

.-..",  .-,."..  9 

6.5 

1 

51 

-17.21 

33 

55  28.9 

0.43311 

7.5 

1 

53 

19.52 

33 

57     7..s 

8.5 

1 

54 

52.37 

33 

58  50.6 

0.43810 

9.5 

1 

56 

■25.  7(5 

34 

(1  3  7.--' 

10.5 

1 

5  7 

59.68 

34 

2   27.4 

0.44314 

11.5 

1 

59 

3l.lL' 

34 

4   21  3 

1  l'.,"l 

2 

1 

9.07 

34 

6   18.6 

0.44800 

13.5 

2 

2 

14.52 

34 

8    19.3 

11.5 

■> 

4 

20.46 

34 

10  23.2 

0.45292 

15.5 

2 

0 

56.88 

34 

12   30.2 

16.5 

•_> 

7 

33.77 

34 

14  40.4 

0.45765 

17.5 

2 

9 

11.12 

34 

16  53.3 

18.5 

■> 

10 

18.92 

34 

19     9.1 

0.46245 

19.5 

2 

12 

27.16 

34 

21   27.6 

20.5 

■_> 

14 

"5.84 

3  1 

2:',   48.7 

0.46705 

21.5 

2 

15 

44.94 

34 

26    12.2 

22.5 

2 

17 

24.46 

+  34 

28  38.0 

0.47171 

Feb. 


23.5 
21.5 
25.5 
26.5 

2  7.5 
28.5 
1.5 
2.5 
:',..". 
1.5 
5 . 5 

i  ;.:> 
7.5 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
is.;, 
19.5 
20.5 
21.5 
22.5 


HOLMES   , 


App  a 

■2  19'"  l'.38 
2  2n  1  1.68 
2  22  25.37 
2  2-1  i'..  I  1 
2  25  17.S7 
2  27  29.66 
2  29  11.80 
2  30  5  1.28 
2  32  37.09 
■>  3-1  20.2-1 
2  36  3.72 
2  37  17.52 
2  3:i  31.64 
2  -11  16.07 
2  43  0.81 
2  4-1  45.85 
2  46  31.19 
2  is  16.81 
2  5o  2.71 
2  51  18.89 
2  53  35.3  1 
2  55  22.06 
2  5  7     9.03 

2  5s  56.26 

3  0  4:;. 74 
3  2  31.45 
3  1  19.40 
3  »;    7.57 


A  pp  .1 


+  34  31 
34  33 

34  36 
34  38 
31  4  1 
34  43 
34  4  6 
3  I  1:1 
31  51 
3  1    5  1 

34  57 

35  0 
35  2 
35  5 
35  8 
35  11 
35  14 
35  16 
35  19 
35  22 
35  25 
35  28 
35  31 
35  33 
35  3G 
35  39 
35  12 

+  35   45 


6.0 
36.0 

8.1 

I2.0 
17.6 
54.8 
33.6 
13.7 
55.1 
37.8 
21.5 

6.3 
52.11 
38.5 
25.7 
13.6 

2.1 
51.1 
40.5 
30.3 
20.3 
10.4 

0.6 
50.8 
41.0 
31.1 
21.0 
10.5 


log  a 

0.47618 
0.48071 
0.48504 
0.48944 
0.49364 
0.49791 
0.50198 
0..V11;  1  1 
0.51005 
0.51405 
0.51786 
0.52173 
0. 52540 
0.52914 
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Wash.  M.T. 

P 

Jp 

Jy 

C— 0 

Wash.  M.T. 

s                Jp 

* 

No. 
Comp- 

I;,  mark* 

h       in 

h       in 

July  14 

12   47.6 

94.95 

0.00 

—0.56 

12    18.8 

72.06                    ■  ".21 

- 

- 

16 

12   13.2 

26S.44 

0.00 

+  0.02 

12  41.8 

—  1.35 

- 

v.i  v  f:iint 

18 

12  58.7 

73.74 

—0.02 

+  0.04 

13    14.7 

60.20     +0.02     +  0.15    —2.57 

1.2 

rlouils 

19 

12    11.0 

102.72 
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—  1.27 

12    10.5 

+  0.02     +0.11 

- 
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11    12.8 

86.85 

0.00 

+  0.01 

+  1.09 

11    12.6 

81.76     +0.02     +0 

- 

31 

11   53.0 

283.74 

—0.01 

-  0.01 

—2.09 

1  1    53.1 

65.68     +0.o2    —0.02 

• 

Aug.    2 

12     3.1 

92.66 

0.00 

+  0.43 

12     2.8 

*\.-::>     -t-o.02 

+  0.01 

+  0.60 

- 

cloud; 

5 

13      2.6 

284.83 

—0.01 

—0.02 

—  2.56 

13     2.6 

66.46     +0.02 

0.00 

8.3 

faint 

9 

11    18.4 

272.H» 

0.00 

—0.02 

—  1.22 

11    14.6 

+  0.02 

• 

- 

11 

11     3.1 

84.27 

o.oo 

+0.03 

•  2.13 

10  39.6 

78.75 

+  0.02 

—o.oi 

—1.06 

- 

clouds 
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10  36.2 

1  •'.«.«  ■•  1 

+  0.01 

+  0.07 

—2.85 

10  36.4 
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13 

9  45.9 
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faint 
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—0.15 
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faint 
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+  1.29 
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80.21 
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Phobos. 
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—  H.15 
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10  57.1 
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I  Mm  indebted  t<>  Capt.  McNair,  Superintendent  of  the 
Naval  Observatory,  for  an  invitation  to  observe  .!/<!,■*  with 
the  26-inch  refractor  during  Hi.'  hh.hiIi>  of  -Inly  and  August. 
I  was  not  able  to  begin  these  observations  until  nearly  the 
middle  of  July  ;  and  the  unfavorable  position  of  tin-  planet 
made  it  necessary  to  observe  neai  the  meridian  only,  and 
also  caused  frequent  interruption  by  clouds  and  mist.  The 
satellites,  however,  could  be  seen  easily,  and  I  think  the  pre- 
ceding observations  of  tin-in  an'  fairly  good.     The  method 

Of   Observing    was    I"    make    l'<  >ur   settings    of    the    posil  ic  .11- 

circle,  then  to  measure  three  double  distances,  and  finally  to 
turn  back  and  make  four  more  settings  of  the  position-circle. 

In  this  way  the  means  of  the  times  for  the  angle  and  the 
distance  will  not  differ  much,  unless  there  was  interruption. 
The  columns  1p,  dp,  and  Js  give  the  corrections  for  differ- 
ential refraction  and  the  figure  of  the  disk,  and  these  have 
already  been  applied  to  the  given  values  of  y  and  s.  The  last 
corrections  have  been  computed  on  the  assumption  that  in  bi- 
secting the  apparent  disk  of  the  planet  the  micrometer-thread 
passed  through  its  center  of  gravity.  In  the  columns  C— O 
are  given  the  residuals  which  I  have  found  by  computing 
the  positions  of  the  satellites  from  the  data  given  by  Makth, 
Monthly  Notices,  May,  1892.  These  residuals  should  of 
course  be  checked  by  an  independent  computation  before 
they  are  used.  Those  for  the  outer  satellite  indicate  perhaps 
a  correction  to  the  position  of  its  orbit-plane,  but  on  the 
whole  they  are  so  small  for  both  satellites,  that  it  is  not 
worth  while  at  present  to  undertake  a  correction  of  the 
orbits.  A  definitive  computation  of  these  orbits  should  be 
made  after  the  opposition  of  1894.  when  the  planet  will  be 
in  a  much  better  position  for  observing  at  the  northern  ob- 
servatories. Then  a  complete  discussion  of  the  observa- 
tions will    determine   the   motions  of    these  satellites   with 


greal  accuracy.  According  to  my  e&tfmates,  the  inner  satel- 
lite  i-  decidedlj    brighter  than  the  outer  one. 

I  in  ■ — ■  - . i  iit  1'oi.ak  Spot . 
The  angle  nt  position  of  tlii>  >|...t  was  measured  by  plac- 
ing the  «ire  on  the  center  of  ihe  spot  and  bisecting  lie 
apparent  disk  of  tin-  planet.  Pour  such  Bettings  were  made 
at  each  observation.  At  firsl  this  spot  was  very  much  ex- 
tended, us  is  shown   by  the  measures  given  below,  and  the 

image  of  the  planet  was  in  mosl   cases   | ly  defined,  bo 

that  the  observation  was  not  vtvy  satisfactory.  It  ma\  be 
doubted  whether  the  shrinkage  of  the  spol  was  symmetrical 
with  respect  to  its  center,  although  the  rotation  of  the  planet 
would  tend  to  produce  such  a  result.  1  have  however  as- 
sumed this  to  be  the  case,  and  have  formed  the  equations  of 
condition  under  this  assumption.  The  collection  for  the 
figure  of  the  disk'  has  been  computed,  but  has  not  been  ap- 
plied to  the  observed  angles  given  below.  After  correcting 
these  angles  they  have  been  compared  with  the  position  of 
the  south  pole  of  the  planet  given  by  -Makth.  The  ques- 
tiou  of  condition  for  the  residuals  is 

x  +  by  +  cz  +  n  =  o. 
where  x  is  the  correction  to  Marth's  position  of  the  pole  for 
epoch  Aug.  6.0 ;   and 

y  =  r  cos  6.  z  =  r  sin  8 ; 
r  being  the  angular  distance  from  the  pole  to  the  center  of 
the  spot.  The  daily  rotation  of  the  planet  litis  been  taken 
equal  to  350°. 8921 4.  and  the  coefficients  &  and  c  are  the 
cosines  and  sines  of  angles  found  by  carrying  the  position 
backward  and  forward  from  the  epoch  by  means  of  the 
above  motion,  n  is  the  quantity  (' — 0  and  the  column  Resi- 
dual gives  the  result  of  substituting  the  values  of  the  un- 
known quantifies  found  from  the  least-square  solution. 
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Residual 

Kemarks 

July 

12 

h         in 

11   55.4 

178.4 

— 1°.3 

+  1T 

—O.l.i  6 

—0.890 

+  L66 

Thin  clouds  ;  spot  very  large 

14 

13  31.8 

180.4 

—  1.1 

—  1.0 

—0.536 

—0.844 

—  0.19 

Misty 

15 

12  43.8 

177.9 

—  1.0 

+  1.5 

—0.201 

—0.980 

+  1.37 

Clouds 

19 

12  25  'J 

176.8 

—0.7 

+  2.6 

+  0.491 

—0.871 

+  1.2.'. 

21 

13  52.7 

178.3 

—0.6 

+  1.3 

+  0.4  42 

—0.897 

0.00 

Thin  clouds 

23 

11   56.6 

178.3 

—  0.1 

+  1.3 

+  0.955 

—  0.296 

+  0.04 

25 

12   17.1 

179.7 

—0.3 

+  0.1 

+  0.998 

—  0.070 

—0.83 

Hazy 

26 

13     8.6 

182.5 

—0.3 

—2.7 

f-0.991 

—0.130 

—3.73 

Hazy 

._,  ,| 

12      2.1 

183.6 

—0.1 

—3.4 

+  0.S08 

+  0.589 

—2.74 

The  spot  indistinct 
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•_> 

11  35.6 

185.1 

—0.1 

—  4.3 

+  0.191 

1  0.981 

—1.66 

3 

11   43.2 

183.8 

0.0 

—3.0 

+  0.066 

+  0.998 

—0.08 

4 

11   34.6 

18:;.  4 

0.0 

—2.4 

—0.129 

+  0.992 

+  0.!". 

I  lazy 

5 

12   40.1 

185.5 

0.0 

—  4.4 

—0.009 

+  1.000 

—  1.32 

6 

11    16.1 

181.8 

0.0 

—0.5 

—0.503 

+  0.865 

r-3.35 

Blazing  images,  ami  haze 

9 

11    23.1 

185.4 

+  0.1 

—3.7 

—0.827 

+  0.563 

+  0.27 

1  1 

11    38.6 

184.3 

+  0.2 

—2.4 

—0.941 

+  0.339 

+  1.39 

1'.' 

11      4.4 

186.1 

+  0.2 

—4.0 

—0.999 

4o.dll 

—0.63 

13 

10    12.4 

184.9 

+  0.3 

—2.8 

—0.943 

—0.333 

—0.22 

clouds 

14 

11      4.9 

is."..  9 

+  0.3 

—3.6 

—  0.96.", 

—0.271 

—0.87 

A  little  mist,  but  good  images 

15 

10   43.1 

183.5 

+  0.4 

—1.2 

—0.865 

—0.503 

+  0.91 

Blazing  images 

16 

10  32.4 

184.8 

4-0.4 

—2.3 

—0.745 

—0.667 

—0.74 
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in  45.9 
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19 

10  49.4 

L85.6 

+  0.6 

—2.9 

— |>.|•J2 

: 

-2.11 

22 

10   24.4 

+  0.9 

-1.1 

—0.989 

—1.96 

23 

:•  40.8 

179.1 

+  1.0 

+3.3 

+(l.47:.' 

—0.881 

+  1.97 

28 

9  51.9 

181.2 

+  1.4 

+  0.946 

—0.325 

+  0.21 

29 

9  51.4 

+  1.6 

+  2.1 

+  0.986 

—0.169 

+  1.01 

30 

!i    14  4 

178.5 

+  1.7 

+  4.0 

■ 
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1 

9   43.1 

182.3 

+  1.S 

B 

2 

9  29.4 

181.8 

+  1.9 

+  0.6 

- 

is 

16 

7  55.8 

- 

- 

—4.8 

—ii.i'12 

—1.58 

Giving  the  weight  unity  to  each  of  the  equations  of  condition, 
we  have  the  normal  equations: 

+  32.000 x  —  0.595y  —  4.14s  z  _.;.;. f,00  =  0. 

+  17.290'/  +    1.8322   +32.938  =  0. 

+  14. 712a  —17.840  =  0. 
The  solutioi    2 

.»•  =   +T.244    ±0°.207:     y  =  —  2°.055    ±0°.276: 
z  =  +1     ■ 

We  have 

0;i.  3]   =   s3. 24  and  Zptf  =   83.53. 

The  probable  error  of  an  observation  is  ±1°. 145  =  1 
at  the  average  distance.     The,correctiou   to  Marth's  posi- 
tion of  the  axis  of  the  planet   is  therefore  +1   .24.  and  the 
distance  of  the  center  of  the  spot    from   this  :i\  -    - 
±0°.290.     It  is  interesting  to  compare  the  determinal 
the  distance  of  this  spot  from  the  pole  of  the  planet.     They 
are  as  follow  S  : 


Berschel, 
Bessel, 

Madler, 

Secehi. 

5ser, 
Kaiser, 

A.    Hall. 

Schiaparelli, 

A     Hall. 


17s;; 
[830 

1862 
1877 

1.-77 
1892 


r  = 

i-  =  - 

)•  =  17    12 

r  =  20     0 

r  =  116 

)•  —  .'.11 

)■  =  ■ 

r  =  2    15 


Width  "i    rui    Spot. 

In  order  to  determine  the  change  in  the  extension  of  the 
spot,  the  angle  it   siil. tended  at  the  center  of  the  plan 
measured.     The  results  are  as  follow  •  : 


1892  July     l  I. 
Aug.    12. 

Sept.    11'.. 


angle  =  46.5  —   I  i09  miles. 
..     .      25.8  :'|s     ■• 

••     —  20.9   =      768     •• 


Dining  the  last  part  <>f  the  observations,  when  thi 
had  become  small,  it-  center  had  the  appearance  of  a  de- 
pression or  cavity    in    the  surface  of  the  planet.      This  may 
have  been  only  a  subjective  phenomenon  depending  ou  the 
observer;  but  m\  experience  was  the  same  in  is.,. 


Tub  sii;i  \.  i    ci    nir  Pla* 
( in  account  of  the  unfavon  u  et  at 

this  opposition,  the  markings  on  its  surfi  •  i ally 

indistinct,   and  it  would  not  hear  the   bighi 

on  a  few  nights.    M-.  ... 

magnifying 

would  hear  a  power  of  600;  but  this  did  not  - 

of  surface   than   the   400.      On  Aug        -  while 

region  around  the  north  pole  of  the  planet  :  and 

ance  continued  during  the  rest  of  tb  -      When 

the  images   were  good,   the   usual  markings  on   the  | 

could   he   seen,    hut   no  duplication 

could  he  made  out  among  the   liner   mark 

part   of   the  opposition   the   image  of   tin 

indistinct,   and    this   conditioi 

and  color  to  some  of  the  smaller  liui 

it  would  he  easy  to  infer  great  chang  N 

doubt  there  were   such.  OS 

in  the  south    polar   spot  :   hut 

and  careful   study   to  determine   what   c       .    - 

place. 

in .s    ..i    mi     Mi.  ftom 

In   reducing  the   abo>  satellites   1 

have  used  a  new  value  of   the  revolution  of   th<  - 
micrometer.     The  value  adopted  iu 
-    with   this    instrument. 
1891,  was 

A'  : 

a   value  deteruiiu 

- 
stant  I 

A*  : 
This    valu 

chang 

with    this   u 
well   km-Mi, 
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fears 

Stars 

Nights 

a 

Wl. 

1880-1883 

1883-1884 

1890-1891 

1891 

no  and  Electra 
li  Persei,  Kruger  qos.  20,  22 

C(    ' and  Eli  ctra 

i'  and  r  linn! is 

21 

11 
6 
5 

1356  i   0.000136 
1  159  J   0.000252 

9.9381    t   0.< 

9.9358  ±  0.002818 

l 

3 
1 
1 

The  resulting  value  from  these  measurements,  is 

It  =  <)". 9360  ±0".000294 
The  declinations  of  Celaeno  and  Electra  in  the  first  series 
were  taken  from  all  the  standard  authorities  and  reduced  t<> 
the  time  of  the  observations,  bul  in  the  series  for  1890-1891 
these  declinations  were  taken  from  Newcomb's  Zodiacal 
Catalogue.  The  positions  of  the  stars  in  /<  Persei  were  the 
besl  I  could  find,  and  the  declinations  of  v Bootis  were  taken 
Washington,  1893  Jan.  7. 


Tic nu  ihc  Berliner  Jahrbuch.  These  observations  were  made 
near  the  meridian,  since  I  found  there  was  an  apparent  flex- 
ure of  the  mounting  that  made  Lhe  difference  of  declination 
for  northern  stars  uncertain  at  large  hour  angles.  As  this 
value  of  a  revolution  of  the  screw  n  as  determined  in  a  man- 
ner similar  to  that  in  which  distances  were  measured,  I  think 
it  is  the  right  value  to  use  in  reducing  all  my  observations 
with  the  26-inch  refractor. 


OBSERVATIONS   OF  COMET^1892  [Bbooks  } 

1IIHK    AT   Till-:    VASSAR    COLLEGE    OBSERVATORY, 

I'.v  MARY  W.  WHITNEY  and  MARY  s.  WAGNER,  Student-Assistant. 
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+58     1   33.8 

9.899 

0.132 

W. 

16 

7  31   31 

4 

6 

+  0   17.87 

—  1       9.5 

22  :;:;    19.37 

20  53.1 

9.845 

0.252 

W. 

9   44   37 

5 

12 

—0  13.68 

—  1     33.0 

22  35    11. ill 

1-53   15    18.7 

9.855 

0.680 

Wa. 

17 

7  36  23 

6 

6 

—3  42.58 

+  7       7.0 

22    12  46.46      +51   49    17.8 

9.829 

9.938 

u  . 

9  52     4 

6 

3 

—2  49.63 

—  1     20.6 

22  43  39.41    ]   +51    40  50.2 

9.837 

0.697 

Wa. 

EPHEMERIS   OF   COMET^1892,  [Brooks), 

By  PHILLIPS  ISHAM. 

(Continual  /nun  A. J..  No.  2S6.) 


Mean  Places  for 

1893.0  of  Comparison- Stars. 

Red.  to 

Red.  to 

* 

a 

app.  place 

8 

app.,-                                               Authority 

1 

21      3  43.32 

— 3*.47 

+  62     29 

31.7        —0.5 

Krueger,  A  .<  • .  Zones 

2 

21  23  31.65 

—3.30 

+  61       6 

24.9         +0.7 

Krueger,  A.(  i.  Zones 

3 

21   53     6.91 

—  2.9S 

♦-58       7 

18.2         +2.:i 

Krueger,  A.G.  Zones 

4 

22   33     4.03 

—2.5:; 

+  53     2 1 

58.7 

+  3.9 

Bonn  VI,  53°2935 

5 

22  35  57.23 

—2.51 

+  53      17 

17.6 

+  4.1 

Greenwich  1880,  3807 

6 

22   46   31.43 

*  —2.39 

+  51      42 

6.4 

+  4.4 

( lambridge,  A.G.  Zone 

Gr.  MT. 

1893 

Feb.   7.5 

i 
0 

App.  a 

9   51 

App.  ii 

+  3l'    4'.7 
30  30.2 

logr 

0.1123 

In-  A 
0.1663 

Br. 

1.5 

Gr 

Fel 

M.T. 
1893 

.1(5.5 
17.5 

AIM'-  " 

o  22    18 
24   13 

App.  i> 

+  26  41.8 
26   18.0 

logr 
0.1341 

log  A 

0.2447 

Br. 

0.9 

9.5 

10.5 

11    41 
13  26 

29   57.4 
29   25.9 

0.1164 

0.1834 

1.3 

18.5 
19.5 

■j:>  34 
26  54 

25  55.3 
25  3;;. 3 

0.1388 

0.2583 

0.9 

11.5 
12.5 

15  8 

16  46 

28  55.8 
28  26.7 

0.1206 

0.1998 

1.2 

20.5 

2  1  . 5 

28  11 

29  26 

25   12.1 
24   51.7 

0.1436 

0.2713 

0.8 

13.5 
14.5 

18  21 

19  53 

27  58.8 
27  32.2 

0.1250 

0.2154 

1.1 

22.5 
23.5 

30  40 
0  31   52 

24   32.1 
4-24    13.1 

0.1485 

0.2838 

0.7 

15.5 

0 

21    21 

+  27     6.6 

0.1295 

0.2304 

1.0 
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SUJSTSPOT  OBSERVATIONS, 

MADE    A  I    PHILADELPHIA,    PBNN.,    WITH    A     U-IMII    RBFBAI    TOB, 

i:-,    \.  W.  Ql  IMI'.Y. 


1892 

Time 

New 

Grs. 

T( 
Grs. 

tal 
Sps. 

Grs. 

I  i.-lillitillll 

1892 

N  i  •  W 

Tc 

tal 

July      1 

I 

3 

21 

2 

1 1 

An-.   2  7 

2  7 

■> 

■_> 

1 

4 

22 

3 

fair 

28 

- 

31 

1 

3 

8 

:; 

19 

3 

fair 

8 

5 

4 

8 

1 

4 

II 

4 

fair 

30 

9 

5 

5 

8 

3 

97 

3 

fa  i  i- 

31 

10 

■1 

- 

6 

8 

3 

109 

3 

fair 

7 

8 

2 

4 

1  15 

3 

fair 

Sept.     i 

7 

5 

21 

8 

7 

2 

7 

253 

4 

good 

2 

7 

4 

:;i 

9 

7 

7 

L98 

3 

fair 

3 

9 

5 

27 

- 

10 

7 

6 

25  7 

1 

good 

4 

8 

1 

2 

11 

7 

6 

126 

5 

fair 

5 

8 

1 

21 

12 

7 

5 

137 

3 

fair 

6 

- 

5 

21 

:; 

13 

6 

5 

9  7 

4 

fair 

7 

9 

7 

1 

fail- 

14 

3 

1 

5 

1  53 

■1 

fair 

8 

■1 

19 

- 

15 

7 

5 

57 

2 

fair 

9 

- 

1 

51 

- 

16 

7 

2 

6 

68 

4 

fair 

Id 

- 

5 

17 

7 

6 

71 

5 

fair 

1  1 

- 

6 

[29 

fair 

18 

7 

6 

1(15 

5 

fail- 

12 

8 

5 

fail 

19 

8 

6 

33 

- 

very  i 

l:; 

- 

5 

71 

2 

20 

8 

6 

52 

5 

fair 

l  l 

- 

CI 

21 

7 

1 

4 

22 

4 

1 V 

15 

8 

6 

1 

22 

7 

6 

26 

7 

fair 

16 

8 

•"> 

1 

23 

8 

5 

25 

4 

fair 

17 

- 

1 

24 

7 

1 

5 

45 

3 

fair 

IS 

8 

7 

fail- 

25 

7 

2 

7 

I  I 

1 

fair 

19 

8 

8 

• 

1 

fair 

26 

7 

2 

9 

87 

3 

fair 

2d 

8 

2  7 

7 

1 

8 

54 

3 

fail- 

21 

8 

1 

fail- 

28 

7 

7 

68 

5 

fair 

22 

in 

2 

:;i 

29 

9 

9 

127 

2 

fair 

2.-, 

Ki 

1 

1 

fair 

30 

7 

1 

6 

32 

- 

ven  i i 

2  1 
25 

■1 
9 

1 
1 

•J 

2 

All".         1 

3 

12 

1 

7 

27 

_ 

very  i 

26 

in 

.". 

7 

II 

1 

7 

9 

152 

1 

fair 

27 

8 

- 

71 

fair 

1 

7 

9 

96 

3 

1 t 

28 

8 

7 

- 

7 

2 

s 

67 

1 

fair 

29 

in 

- 

1 

fair 

6 

7 

1 

7 

31 

1 

fail- 

30 

2 

1 

7 

7 

1 

7 

7.") 

1 

fair 

8 

7 

7 

63 

5 

fail- 

Oct.       1 

'.' 

1 

71 

9 

7 

6 

17 

6 

fair 

2 

- 

1 

- 

10 

7 

1 

7 

32 

1 

fail- 

3 

in 

1 

1 1 

8 

8 

85 

1 

fair 

I 

- 

5 

■  12 

8 

6 

52 

1 

fail- 

5 

- 

2 

5 

13 

7 

2 

9 

,.; 

3 

fair 

6 

12 

5 

1  i 

7 

9 

IU2 

;; 

good 

7 

12 

1 

1 

15 

9 

9 

9  7 

i 

faii- 

8 

1 

G 

I 

16 

9 

111 

Ml 

5 

faii- 

9 

1 

7 

1  7 

8 

9 

82 

5 

fair 

lit 

. 

18 
19 

8 

7 

8 
6 

152 

1  2:; 

1 
1 

fair 
fair 

11 
12 

11 
11 

20 
21 

2 
2 

151 

1 

faii- 

13 

12 

1 

7 

10 

1H7 

5 

poor 

I  I 

2 

22 
28 
21 
25 
26 

8 

9 
8 

8 
in 

1 

9 
7 
6 
7 
4 

76 
67 
17 
IS 
15 

5 

1 
1 

faii- 
poor 
poor 
poor 

poor 

15 

n; 

17 
18 
19 

12 

8 

- 

11 

10 

1 
1 

1 
6 

II 
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l  B92 

Time 

New 
Grs. 

T< 
Gra. 

ifcal 

si- 

1 
Grs. 

Definition 

1892 

Tl 

Ni-u 
<irs. 

Total 

1,1-          Spa 

Gra. 

Definition 

Oct.     !0 

12 

G 

mi 

:; 

very  good 

Nov.  21 

9 

;, 

1.; 

:; 

pIKII 

21 

1  1 

0 

48 

3 

1 ■ 

25 

10 

3 

.V.I 

:; 

fair 

22 

'.» 

7 

7i; 

4 

good 

•26 

12 

2 

19 

1 

pooi 

L'.-; 

:i 

4 

37 

4 

fail 

27 

12 

2 

4 

56 

.". 

fair 

24 

9 

4 

I.". 

1 

fair 

2:1 

9 

4 

;.i 

2 

poor 

25 

;i 

5 

18 

I 

poor 

30 

12             1 

8 

17 

1 

poor 

26 

12 

1 

13 

4 

poor 

L'7 

U' 

.'> 

29 

1 

fair 

Dec.      1 

8 

1 

7 

44 

2 

1 

28 

9 

1 

76 

3 

fair 

■j 

8 

1 

8 

39 

3 

poor 

29 

9 

0 

93 

3 

fair 

3 

12 

1 

11 

.V.I 

3 

poor 

80 

8 

7 

111 

4 

raii- 

4 

III 

1 

10 

78 

8 

pool 

31 

8 

N 

7 

Kl 

3 

fair 

5 

6 

10 

10 

1 
• 

10 
8 

77 
48 

3 

1 

fail- 
poor 

Nov.     1 

8 

6 

6<; 

3 

[1001' 

7 

9 

10 

2:; 

l 

pool- 

2 

8 

1 

7 

57 

4 

poor 

8 

s 

1 

8 

19 

l 

poor 

:; 

10 

4 

109 

3 

fair 

9 

9 

1 

12             62 

l 

fail- 

1 

3 

3 

31 

3 

poor 

10 

1 

12             39 

3 

poor 

5 

1-2 

3 

51 

3 

faii- 

11 

9 

9 

58 

4 

poor 

6 

'.) 

3 

52 

1 

faii' 

12 

9 

7 

78 

."1 

fail- 

7 

10 

2 

1.") 

- 

very  poor 

14 

12 

4 

7 

2 

poor 

8 

!i 

2 

2:; 

2 

poor 

16 

9 

4 

7 

1 

poor 

9 

10 

1 

9 

- 

poor 

18 

9 

2 

11 

2 

pooi- 

10 

12 

1 

5 

- 

very  poor 

19 

9 

1 

3 

7 

2 

poor 

11 

1) 

3 

4 

11 

3 

poor 

20 

11 

4 

17 

1 

pooi- 

12 

10 

1 

5 

very  poor 

21 

12 

3 

20 

4 

fair 

13 

10 

1 

4 

17 

.". 

pooi- 

22 

10 

3 

28 

1 

faii- 

14 

10 

3 

44 

4 

fair 

23 

4           1 

4 

17 

2 

poor 

16 

1-2 

3 

47 

2 

fail- 

24 

9      |      1 

5 

36 

2 

poor 

17 

10 

■2 

/>7 

-' 

fair 

26 

9 

5 

45 

2 

1 r 

18 

11 

1 

3 

36 

1 

poor 

27 

1 

6 

48 

2 

poor 

19 

9 

1 

4 

67 

2 

faii- 

28 

10 

5 

67 

2 

poor 

20 

9 

3 

88 

2 

poor 

29 

9 

5 

35 

2 

poor 

21 

1) 

1 

:; 

40 

-' 

poor 

30 

12 

1 

5 

46 

3 

poor 

22 

9 

1 

4 

46 

2 

poor 

31 

1 

5 

44 

2 

poor 

23 

9 

1 

6 

60 

3 

poor 

ONCK. 

Spectrum  A. 

1 .63  per  cent 

Spectrum  1'.. 

1.01 

Spec!  ra  E  and  <  ■ . 

6.21 

Spectrum  1-', 

13.52 

Spectra  11.  I  and  K. 

6.21 

Spec! nun  M, 

1.54 

ON  THE  SPECTRA  AND  PROPER  MOTIONS  OF  STARS, 

By  W.  11.  s. 

I  lately  supplied  to  the  Astronomical  Journal  the  result  of 
ni\  examination  of  the  spectra  of  Professor  Pouter's  list  of 
301  stars  having  a  proper  motion  of  over  half  a  second  an- 
nually. I  have  since  then  compared  the  Cincinnati  Oata- 
of  1340  stars  with  large  proper  motion  with  the  Draper 
Catalogue,  ami  succeeded  in  identifying  -17.">  of  them.  The 
result  as  regards  spectra  is  as  follows:  A,  85  stars;  B,  1 
star;  E,  70  stars  ;  F,  146  stars;  G,  9  stars  ;  11.  105  stars; 
I,  24  stars  ;  K.  30  stars  ;   M,  I  stars. 

From  the  introductory  volume  to  the  Draper  Catalogue  I 
learn  that  the  spectra  contained  therein  are-  distributed  as 
follows:  A,  5218  stars;  B,  99  stars;  E  ami  G  (classed  to- 
gether), 1271  stars;  F,  1080  stars;  H,  I  ami  K  (classed 
together),  2562,  ami  M,  88  stars.  Hence  it  appears  that 
the  percentage  of  stars  with  each  kind  of  spectrum  having 
sufficient  proper  motion  to  appear  in  the  Cincinnati  Cata- 
logue (viz  ;  about  0".15  annually)  is  as  follows  ; 


There  are  27  stars  with  peculiar  spectra  in   the   Draper 

Catalogue.      None  of  them  appear  in   the   Cincinnati  Cata- 
logue. 

1  may  remark,  thai  owing  to  the  large  proper  motions  of 
the  solar  stars  (E  to  K  inclusive),  the  stars  used  in  deter- 
mining the  sun's  motion  in  space  usually  belong  to  this  class. 
If  Professor  Pickering  is  right  in  thinking  that  the  Milky- 
Way  is  a  distinct  system  consisting,  mainly  at  least,  of 
Sirian  stars,  none  of  the  determinations  of  the  sun's  motion 
hitherto  made  can  be  relied  on   as  giving  its  motion  relative 


N°    L'--. 
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to  the  Galaxy.     1'  ,  the  fact  that  we  obtain 

a  more  northerly  apex  for  the  sun's  way.  when  we  employ 
Btars  with  smaller  proper  motion,  arises  from  the  proportion 


of  Gal 

It  would  at 

with  different  kin 


OX    Till-:    PARALLAX    OF    1 CYGNI, 

Bv  V.  GERTRUDE  WENTWORTH. 
A  parallax  as  large  as  that  indicated  in  no.  287  ought  to 
be  distinctly  evident  in  good  meridian-circle  observations. 
Since  the  parallactic  motion  is  greater  in  right-ascension,  1 
have  taken  as  a  suitable  tesl  of  the  question  the  observa- 
tions of  this  coordinate  from  1861  to  I8W  from  the  /' 
Annals,  XII.  p.  192.  Subtracting  0'.013  from  the  firsl  four 
(eye-and-ear)  observations,  and  adding  the  same  quantity  to 
the  last  fifteen  ( chronograph ic)  observations,  to  make  them 
homogeneous,  we  thus  get  the  following  equations  of  con- 
dition. 


1  Ju  —1.09*  4  0.2i  /             "7  =  0 

1         —1.04  +   .41  —  .:• 

1         —0.99  +    .52 

1         —1.08  +    .80  —  .    . 

1         —1.12  +0.07  -  0.87  =  0 


1    la   +1.06*7  —  Q.SGJk  +1.23  =  0 


1 

+  1.12 

+    .01 

02  =  0 

1 

+  1.12 

—  .05 

+  0.98  =  0 

1 

—  1.03 

+    .43 

+    .36  =  0 

1 

—1.12 

—   .10 

—  .52  =  0 

1 

—  1.10 

—  .18 

—  .30  =  0 

1 

—0.82 

■-  0  77 

—   ..SO  =  0 

1 

—0.23 

—1.10 

+    .80  =  0 

1 

—  1.10 

f-0.19 

—  .22  =  0 

1 

—1.12 

+    .09 

—  .:<•>  =  o 

1 

—1.04 

—   .39 

—  .08  =  (I 

1 

— 0.SG 

+    .73 

—0.1 -J  =  0 

1 

—0.88 

+    .70 

—  1.47  =  () 

1 

+  1.08 

—0.28 

—0.10  =   0 

1893  Feb 


I        solution    of   the    chroi  i  . 

71    =     — 0 

ally,  from  all  the  data  ti 

7i  =  — 0".663  d 
From  this  it  i>  evident  that. 
aberration,  the  testimony  of  tl 
against  the  existence  of   any   a 
star.     If  we  assume  a  hypothetical 
sum  of  the  sqnan  -  siduals  will 

3". 7  to  25". 7  for  the  chronographic 
G".6  to  59".6  for  all.     [I 
the  data  by  a  mote  refilled,  differential   | 
evidence,  in  any  r 
that  derived  from  photogr&pbii 
lays  apart. 


OBSERVATIONS   OF   COMET  _•  L892, 

MADE     \\     rHE  CINCINNATI  OBSERVATORY, 

By  .1.  G.  POR  111;. 


1893  Cincinnati  M.T. 

* 

No. 
Comp. 

• 
Aa. 

-* 

J8 

-  apparent 
a                       S 

Jan.  15   9      i    44 

17   7  49  14 

19   6    in     9 

6    10     9 

23  6    18  58 

1 
■_> 

3 

1 
5 

6  ,  6 
12,8 

6  .  I 

6  .  1 

1  l'  .  6 

+  2"    • 
—()   16.38 
+  11  23.05 
—3    1 
—2  31.32 

+  4    9.4 
—2 

—  1   52.3 

+  0 

1  1.6 

12.74 

Mini   Places  for  1893.0  of  Comparison- Stars. 

8 

* 

a 

app.  place 

app.  place 

1 

22  21   37.13 

2.64 

7.6 

• 

2 

22  43 

—2.41 

+  7)1    17  5 

.  1. 

3 

22  58  21.74 

—2.24 

+49     0  :W.7 

1;  v..  vi, 

4 

23     2  26.90 

—2.22 

1  ■     \ 

.) 

23  25     0.22 

+  4.1             u                                 \\ 

a 

20  50     4.54 

+  63   II   21 

i 

NO  . 
Mi    star   a    is  the  one  used  on  Jan.  9.  Jan    ;;. 

Jan.  15.    Temperature  10  Chronograph  pen  frozen, 

Jk  by  eye-and-ear. 
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NEW    ASTEROIDS. 

Prof.  Ivitii  1/  has  transmitted  the  positions  of  five  small  planets  discovered  in  January,  1893. 

.1.      I'll  LRLOIS,  .l:ill.   1  7.  9*. 

1893  Jan.  18  81   30  .1  Nice  M.T.       «  =  8    8"    59  .8,     fi  =  +  9°  29'  12".       Daily  motion,  — 521  in  re,  and  9'  thward. 

/;.     Wolf,  Jan.  12.         18". 

1893  Jan.  12    9h  53m  Greenw.  M.T.  a  =  8*   lom.6,         8=   +11  '52' 
Jan.  19  11    54    Heidelberg  M.T.  8      7.:;.  +15      6' 

C.     Wolf,  Jan.  16.         13*. 
1893  Jan. 16  12     17    Greenw.  M.T.        a  =  91'  14™. 3,     8=  +17°  4-F.        Daily  motion, — 0m. 9  in  «,  and  4' northward. 

I).     Wolf  Jan.  12,  and  Charlois  Jan.  18.         1 2 ^ M . 

1898  Jan.  12  «  =  8''  25m.8  3  =   +15    25' 

19  llh  54ra.O  Heidelberg  M.T.  8    20.0  +16      5 

20  8     34   .1  Nice  M..T.  8     19       l.v.l  +16     12    29" 

K.     Charlois,  Jan.  20.         !2£*. 
1893  Jan.  21,  8    19  '  .8  Nice  .M.T.  81    28''    3".7,      +25°  1' 56".  Daily  motion,  — lm  in  a,  and  2'  northward. 


ASTRONOMICAL  JOURNAL   PRIZES. 

The  commission  of  Judges  designated  for  the  award   of   these  prizes  consists  of  Messrs.   Asaph  Hall,  Skth  C. 
Chandler,  and  Lewis  Boss. 


Two  additional  prizes  are  hereby  offered,  for  the  year  1895,  subject  to  the  same  conditions  as  were  prescribed  on 
page  1G0  for  those  of  I  lie  year  1894. 

I. 
For  the  observer  making,  by  Argei.akder's  method,  the  best  series  of  determinations  of  maxima  and  minima  of 

variable  stars  dining  the  two  years  ending  1895  March  31,  a  prize  of  two  hundred  dollars.  A  principal  basis  for  the 
award  is  to  be  the  extent  to  which  the  determinations  will  contribute  to  our  better  knowledge  of  the  periodic  variables,  by 
furnishing  the  largest  number  of  maxima  or  minima  of  the  largest  number  of  stars,  having  especial  regard  to  stais  whose 
characteristics  are  at  present  not  very  well  known. 

II. 
For  the  most  thorough  discussion  of  the  theory  of  the  rotation  of  the  Earth,  with  reference  to  the  recently  discovered 
variations   of   latitude,   a   prize  of   four   hundred   dollars.      The   manuscript  (which  will  be  returned   to  the  author)  is  to  be 
transmitted  to  some  one  of  the  Judges,  not  later  than  1895  March  31. 
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